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FOREWORD
This report presents the results of ii weeks of effort by participants in the 1975 summer
program sponsored by the National Aeronautics and Space Administration in cooperation with
the American Society for Engineering Education. This program, entitled the NASA/ASEE Engi-
neering Systems Design Institute, is conducted annually at the Johnson Space Center and is
jointly administered by the University of Houston.
The systems design team was composed of 20 faculty members representing 16 universities.
The team was multidisciplinary and included 16 professors in various fields of engineering,
as well as representatives from the fields of political science, economics, and operations
analysis. Group compositionwas designed to enhance the engineering systems concept by in-
corporating relevant social, legal, political, environmental, economic, and safety factors
in the final systems design.
The design team was asked to investigate the feasibility of the use of airships for hauling
cargo. The team recommended the implementation of an airship transportation system in two
phases--the first to demonstrate the economic and technical feasibility of modern-day air-
ships and to gain ship handling and fleet experience; the second to increase fleet size,
range, and cargo-carrying capability.
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1,1 THE STUDY
Lighter than air (LTA) vehicles are at-
tracting renewed interest today (ref. i-i
and 1-2). Airships are being considered as
an alternative to or supplement to current
modes of transport for both passengers and
cargo.
Transportation is a big, involved busi-
ness. Twenty percent of the Gross National
Product is generated by this industry (ref.
1-3). One out of every twelve workers is
employed in moving goods and people from on_
point to another (ref. 1-4). Activities of
this magnitude are obviously energy and re-
source intensive, and costly.
These facts are sufficient motivation
to search for better ways of performing the
transport function in our society. Methods
are needed which achieve maximum customer
satisfaction at a minimum cost in resources.
The LTA vehicle utilizing buoyancy to
achieve lift seems to be a likely candidate
for detailed investigation. Such airships
fill part of the speed gap between current
surface and air transport. Cruise speeds
are about double the average highway speed
for trucks and about triple the average
railroad spee_ (ref. 1-3) 7
Further evidence of interest in the
airship is the recent teEhnical conferences
held in Monterey, California, during 1974
(ref. 1-5) and in Snowmass, Colorado during
1975.
Conferences not withstanding, there
have been no recent attempts to analyze air-
ships from a total systems viewpoint. This
study considers the airship not as an entity
in itself but as a vital component of an
overall tEansportation system. Current in-
_m_n_ f_nm _h_ literature and consultants
is synthesized into the design of both mis-
sions and airships.
1.2 SYSTEMS APPROACH
This study applies systems analysis to
the design of an airship transportation sys-
tem. Such an analysis considers not only
technical and economic aspects but also po-
litical, sociological, legal, and environ-
mental factors. Neglect of any one area
could result in designs that are unworkable
in today's society.
The systems approach is used to answer
questions such as:
Is the concept both technically
and psychologically safe?
Does the ship meet both technical
and union specifications in the
cargo handling system?
I If an airship hovers over an area
I
to unload cargo, is the noise level
acceptable?
Would past airship disasters keep
people from funding or using air-
ships?
What are the real social benefits
of an airship transportation system?
Indeed, the interactions between vari-
ous technical and societal factors must be
recognized and accounted for in order to
achieve a viable system design.
Before describing the goals of this
study, a brief history is given of past ex-
periences upon which this study builds in
investigating the modern role of airships.
1,3 HISTORY AND BACKGROUND
This historical introduction is brief
and is limited to those data and occurrences
that may be of interest to the forward-
looking reader. The two primary classifica-
tions of airships are rigid, that is, hav-
ing a structural frame work, and nonrigid,
wherein the shape is maintained by the
pressure of the lifting gas. Table I-i
lists the significant characteristics of a
spectrum of airships built since World War
I. Most of the historical background is
taken from Brooks (ref. 1-6).
1,3,1 RIGID AIRSHIP DEVELOPMENT
The development of lighter-than-air
craft before and during World War I was
largely limited to the evolution of the zep-
pelin in Germany. The commercial use of air-
ships, which appeared promising before the
war, was converted to military application
beginning in 1912. At first the zeppelins
were assigned the role of scouting, particu-
larly of England, by long duration, over-
water fliqhts. During the last two years of
World War I, the zeppellns were usea as azr-
craft to bomb England. Low altitude, night
bombing missions were soon countered by
British searchlights and anti-aircraft fire.
The Germans then undertook high altitude
bombing missions above the effective range
of anti-aircraft gunnery and British defen-
sive aircraft. The zeppelins were modified
to reduce all possible weight to maximize
flight altitudes. At the end of World War
I, German zeppelins were flying bombing mis-
sions over England at altitudes of from
6,000 to 7,000 meters (19,600 to 23,000 feet).
The effectiveness of the German zeppelin
operations during World War I is question-
able. Probably their greatest contribution
was their psychological impact on the civil-
ian population and their preoccupation of
British defenses. The bomb loads carried
ranged from 2,700 to 5,000 kilograms (5,950
to ii,000 pounds) at a time when aeroplane
payloads were a few hundred kilograms. World
War I histories show that, of the more than
100 zeppelins used during the war, 39 were
lost to enemy action and another 34 were de-
stroyed in accidents, primarily caused by
TABLE1-1
A HISTORICALSPECTRUMOFAIRSHIPS
(BASEDONREF,1-6)
LATE WW I
AIRSHIP/ MILITARY GRAF GOODYEAR
CHARACTERISTIC ZEPPELINS SHENANDOAH LOS ANGELES ZEPPELIN AKRON/MACON HINDENBURG ZPG-3W ZWG-I COLUMBIA
Year built 1917 1923 1924 1928 1931-33 1936 1959 1960 1975
(type) (rigid) (wiEld) (rigid) (rigid) (risid) (rigid) (nonrigid) (nonrigid) (nonrigid)
meter 226 207 200 237 239 245 123 141 58.5
Length (feat) (743) (680) (656) (776) (785) (803) (403) (464) (192)
Diameter meter 24 24 27.6 34 40.5 41.2 25.9 33.6 15.2
(feet) (79) (79) (90.6) (113) (133) (135) (85) (ii0) (50)
m_ 88,500 60,900 70,000 105,000 184,000 190,000 42,500 79,300 5,740
Volume (ft3) (2,420,000) (2,150,000) (2,470,000) (3,710,000) (6,500,000) (6,710,000) (1,500,000) (2,800,000) (202,700)
Umefu_ Newtons 484,830 196,600 381,200 475,900 676,000 769,500 120,000 141,400 14,600
Static (pounds) (109,000) (44,200) (85,700) (107,000) (152,000) (173,000) (27,000) (31,800) (3,281)Lift
Maximum meter/sec 28.6 27 35 32 39 34.7 42,2 37 22.4
Speed (mph) (64) (60) (78) (71) (87) (78) (94) (83) (50)
weather. A German mission that demonstrated
the capability of the zeppelins was the
flight near the end of the war of the L59.
This airship left a base in Bulgaria with
13,870 kilograms (30,300 pounds) of supplies
for a beleaguered German force in German
East Africa. The airship was recalled by
radio near the end of the mission when it
was learned that the German force had sur-
rendered. The L59 returned safely to Bulgaria
completing a nonstop flight of 95 hours dur-
ing which 6,700 kilometers (4,200 miles)
were covered.
Following World War I, airship tech-
nology evolved spasmodically in Germany,
England, and France with some early activ-
ity in both the United States and Italy.
Probably the first postwar accomplishment
worth mentioning was the 1919 trans-ocean,
round-trip flight of the British R-34 from
England to New York. The early airship ex-
perience in Germany moved that country to
the forefront of airship technology in the
mid-1920's.
A war-reparations agreement between the
United States and Germany called for the de-
livery to the United States of an airship.
Germany completed the LZ-126, which was de-
livered to the U.S. Navy at Lakehurst, New
Jersey, in 1924, and was renamed the Los
Angeles. This airship served the Navy in a
scouting, training and experimental role un-
til it was dismantled at Lakehurst in 1939.
During this same general period, funds were
provided for an American-made airship of
about the same size as the Los Angeles. The
large hangar at Lakehurst was completed in
1921 and the Shenandoah was constructed in
this hangar and flown for the first time in
1923. Two years later, the Shenandoah
crashed in Ohio during a storm.
A hangar was completed in Akron, Ohio
in 1929 and was used for the fabrication of
the Akron and Macon for the U.S. Navy during
the early 1930's. The significant feature
of these two airships was the provision of
an onboard hangar with space for five fighter/
dive-bomber aircraft. Launching and re-
trieval of these aircraft were routinely
handled during flight. The Akron was lost
off the Atlantic Coast in 1933 and the
Macon crashed off California during fleet
maneuvers in 1935. Both ships were lost
during adverse weather conditions.
Techniques for ground handling and
docking of large airships developed rapidly
between World Wars I and II. The British
perfected a fixed-position, bow-connected
mooring mast which was later improved and
mobilized by the U.S. Navy. Subsequently,
mechanical rail-mounted devices were devel-
oped at Lakehurst that reduced the number of
men required for ground handling and docking
operations by a factor of three.
Following the completion Qf the LZ-126
which became the Los Angeles, the German
Zeppelin Company designed and built the LZ-
127, the Graf Zeppelin. In 1929, the Germans
gained international recognition with the
around-the-world flight of the Graf Zeppelin
with intermediate stops in only Japan and
the United States. The Graf Zeppelin was
engaged in trans-Atlantic passenger service
from 1932 until the loss of the Hindenburg
at Lakehurst in 1937. During this period,
the Graf Zeppelin completed 116 crossings of
the Atlantic with passengers and mail. The
German-builtHindenburg,launchedin 1936,
contained190,000m3 (6.7 x 106ft 3) of hy-
drogen. Its promisingcareer wascut short
in May1937,whenit wasdestroyedby fire
at Lakehurstwith a loss of 35 lives.
Thedestruction of the Hindenburges-
sentially endedthe rigid airship era, al-
thoughGermanyconstructeda sister ship tothe Hindenburgandnamedit the Graf Zeppelin
II. This ship wasusedby the Germanmili-tary for electronic surveillance of British
radar during 1938and1939. It wasfinally
scrappedand the big hangarat Frankfurt wasdismantledin early 1940.
Theuseof large rigid airships during
the 1930to 1940era waslargely restrictedto military operations. Commercialuse in
Germanybefore WorldWarI, althoughpromis-
ing, waslimited to intermittent passenger
andpleasure _- _,_ patronized - somewhat
daring peopletrying a newandexciting mode
of transportation. Commercialrevenuesdur-
ing this period did not nearly pay the cost
of operations.
Veryfew data are available aboutthe
profitableness of Germancommercialzep-
pelin operationsduring the 1930's. PeteTBrooksspeculatesin his bookHistoric Air-
ships (ref° 1-6) that the Germans nearly
reached a break-even point with their Graf
Zeppelin Germany-to-Brazil flights during
the 30's° Brooks further estimates that the
Hindenburg did conduct profitable operations
during 1936 with 15 round trips between Ger-
many and Brazil. The final configuration of
theHindenburg included 72 passenger berths
in addition to mail and express cargo areas.
Data in Table i-i show that the Hindenburg
had a useful lift of 769,500 Newtons (173,000
pounds).
i,3,2 NONRIGID AIRSHIP DEVELOPMENT
The development of nonrigid airships or
blimps evolved concurrently with rigid tech-
nology. The advancements during and immedi-
ately following World War II in support of
U.S. Navy problems were significantl Prewar
blimp sizes3of 5,700 m 3 _2 x 105 ft 3) grew
to 21,000 m (740,000 ft _) durinq the war
and to 42,500 m 3 (1.5 x 106 ft3)-in the
1950's. A significant advancement during
the 1950's was the development of mobile
constant tension winches for ground handling
and docking of airships. The replacement of
muscle power with mechanical power reduced
ground handling manpower by 75 percent. The
antisubmarine warfare missions of World War
II were ideally suited to the low altitude,
low speed, long duration, all-weather capa-
bility of the airship. Following World War
II, a fleet of C_odyear-produced TT _ _,
blimps was assigned radar picket duty off
the Atlantic coast. The spacious 42,500 m 3
envelope proved to be an ideal location for
very large radar antennas. The eleven-day
flight of a SPG-2W that circumnavigated the
Atlantic Ocean without refueling demonstrated
the long duration flight capability of these
large nonrigid airships. The Navy airship
program was ended in 1961.
The commercial use of nonrigid airships
has always revolved around advertising and
the gaining of the recognition of trade
names and products. The use of airships as
airborne television camera platforms and for
providing sight-seeing rides has not been
profitable and again is justified by the
difficult to evaluate advertising value
gained by these uses.
1,4 STUDY GOALS
A preliminary analysis of potential
mission and airship concepts resulted in the
identification of mission specifications for
two airship phases. The specifications are
given in Table 1-2.
TABLE 1-2
MISSION SPECIFICATIONS
Phase I Phase II
Cargo 2.24x104 kg 9.07x104 kg
(25 tons) (i00 tons)
Range 966 km 3219 km
(600 miles) (2000 miles)
Cruise
Speed 36 m/s (80 mph) 27 m/s (60 mph)
Maximum
Speed 45 m/s (i00 mph) 45 m/s (i00 mph)
A Phase III airship having an even
larger cargo capacity would be the next step
after the Phase I and Phase II airships are
developed. The Phase III concept, however,
is not considered by the study team. Smaller
ships would have to be built first to gain
experience.
The Phase I and Phase II airships could
be developed simultaneously but a more
likely procedure would be to first build a
ship of Phase I size to gain both Ship hand-
ling and fleet experience.
With these mission specifications pro-
viding a focus, the major goals to be
achieved by this study are:
i. Identify mission scenarios which
the airships could perform both
uniquely and in competition with
current transportation modes.
2. Determine the important economic,
technical, social, legal, environ-
mental, and political parameters
germane to airship systems.
3. Design the technical configuration
of the Phase I and Phase II air-
ships to meet mission specifica-
tions.
4. Identify technologies which must be
further developed in order to im-
plement a modern airship transpor-
tation system.
Thefollowing chapterspresent results
related to thesegoals. Chapters2 and3
contain the investigations into economicand
social considerations. Chapter 4 discusses
the areas of flight and ground operations.
The critical problem of loading and unload-
ing cargo is analyzed in Chapter 5. Chap-
ters 6, 7, and 8 present the results of
technical investigations into structures,
shapes, and performance. Cost estimates and
airship configuration summaries are given in
Chapter 9. Detailed examples of mission
types are presented in Chapter 10. Chapter
Ii contains the overall summary and recom-
mendations for implementation.
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2,1 INTRODUCTION
All of the raw materials necessary for
the production of gc_ds and services are sel-
dom found in the same location. Therefore,
a process is necessary for the asse_ly of
the raw materials where production can take
place. In addition, finished goods need to
be distributed to those men_bers of society
who desire them° Stated in terms of tradi-
tional economic theory, a product or service
has form utility, time utility, place util-
ity, and possession utility. Transportation
is the process that provides time and place
utility. It is the process that brings raw
materials from their original location to
the place of manufacture and delivers
finished goods or services to the location
where people want them. A transportation
system provides the transport function in a
society.
2,2 SYSTEM OUTLINE
A transportation system performs all
of the functions necessary to provide a
transport service° Implicitly a transpor-
tation system must have a vehicle, or some
physical means of providing carriage between
locations. The carrying function requires
some method of loading and unloading. In
addition, many support functions are also
necessary to perform the carriage function.
Often the physical means and the necessary
support functions are constrained by soci-
ety and nature. A general, overall trans-
portation system is shown conceptually in
Figure 2-1o It includes the environment
within which such a system operates.
FIGURE 2-1
ENV IRONMENT
An efficient transportation system
will optimize the ioad-carriage-ttnload func-
tions subject to constraints imposed upon
it by its envirorunento
2,3 SYSTEM ELEMENTS
The primary goal of the NASA-ASEE De-
sign Project is to design an economical
airship transportation system utilizing
present day technology. That vehicle per-
forming the physical means of transport will
be a lighter-than-air vehicle. In this
study several parameters are established in
order to deterTnine the characteristics of
particular systems° A development fra/ne-
work of three phases is established. Each
phase is established to serve as a possible
base for the succeeding phase. The initial
phase, Phase I, will possibly co_ence com-
mercial operation in 1980 _nd will be capa-
ble of carrying 2.271 x i0 kilogr_s (25
tons) of revenue producing cargo for 965
kilometers (600 miles) cruising 35.8 meters/
second (80 miles/hour). The second vehicle,
Phase IT, will conunence conunercial opera-
tion possibly in 1990 with the capability
of carrying 9.07 x 104 kilograms (i00 tons)
of revenue-producing cargo for 3,220 kilo-
meters (2,000 ntiles) cruising at 26.8
meters/second (60 miles an hour). The third
phase will develop as needed to meet the
conditions of the twenty-first century. It
will take advantage of much improved tech-
nolo_. However, needing only some improve-
ment in fabrication techniques, an airship
could currently be designed with lift capa-
ilities of an order of magnitude greater
than Phase II ships.
In addition to a vehicle and service
demand, a transportation system requires
r_Dvement to and from the vehicle as well as
loading and unloading methods (See Fig. 2-2).
LTA TRANSPORTATION SYSTEM
mi_ or
mo_oiic_ ENo
_ IERNAL TO
I.IG_ER T_N *IR
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_c_iwR
_ oF st_u[c_
PolRi o_
_LIV_Ry RECE I_
I_TE_AL TO
FIGURE 2-2
LTA TRANSPORTATION SYSTEM
The movements to and from the beginning of
service may require a mode other than the
primary transportation vehicle. An example
of this would be an ocean-going vessel. Or
the service may be accomplished by the vehi-
cle alone, e.g., by a pick-up truck. Simi-
larly, mechanisms and equipment may be ex-
ternal to the vehicle (fork-lift truck), or
internal to the vehicle (hydraulic tail gate).
Other elements of a transportation system
vary with demand requirements and the spe-
cialized needs of the vehicle utilized. De-
mand elements would include such things as
teznninals, accounting/billing facilities,
customer acconunodation facilities, and sched-
uling facilities. Specialized elements in-
clude maintenance facilities and equipment,
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vehicle staging areas, vehicle storage
areas, and crew accommodations.
2,4 MISSIONCHARACTERISTICS
For a vehicle to become a viable mode
of transportation, it must provide a unique
function. This function relates to either
an actual activity which cannot be handled
by current transport modes or activities
handled more economically.
2,4,1 EXISTING MODE CHARACTERISTICS
;Ln examination of general character-
istics of established transport modes will
indicate specific missions an airship might
perform. All of the information utilized
in this analysis is for domestic transport
only.
2,4,1,i FREIGHT COST
As can be seen in Table 2-I, average
cost per kilogram-kilometer (ton-mile) of .
cargo moved ranges from a low of i._ x 10 -4
cent (0.25¢) to a high of 1.7 x i0- cent
(25¢). Care must be taken in making infer-
ences based only on kilogram-kilometers
(ton-miles) in that the distances recorded
for each mode are those distances actually
traveled; transport routes dictated by
physical and societal considerations may not
be of the shortest distance. For example,
a barge traveling from Chicago to New
Orleans cannot travel in a straight line as
an airplane can, but must travel many kilo-
meters (miles) east through the Great Lakes,
then down around the coast before it finally
reaches its destination. The distance actu-
ally traveled would be counted in the
kilogram-kilometer (ton-mile) figure for
water. With this caveat in mind, the num-
bers are still suitable for analytical pur-
poses. Table 2-1 also indicates an inverse
relationship between cost and speed. Of
near-future importance may well be the
energy utilization directly applied to the
production of the transportation. Energy ac-
counting itself will be covered in Section
2.6.
2,4,1,2 FREIGHT LABOR ANALYSIS
Table 2-2 gives an indication of how
labor efficient each mode is. The truck is
almost half as efficient as the railroad.
However, air transport is least efficient.
As would be expected, pipelines and inland-
coastal water carriers are very labor effi-
cient compared to the other modes.
TABLE 2-2
INDIVIDUAL EMPLOYEE
PRODUCTIVITY/YEAR
BY MODE
(Ref. 2-3)
Ton-
Mode Miles
Truck
Air
Rail
Pipeline
Water
Kilogram-
Kilometer
0.87 x 106 1.27 x 109
0.10 x 106 0.15 x 109
1.48 x 106 2.16 x 109
26.89 x 106 39.25 x 109
71.40 x 106 104.22 x 109
Mode
Pipeline
Water
Rail
Highway
Air .
TABLE 2-i
AVERAGE CHARACTERISTICS OF FREIGHT MODES
Cost Per
Kilogram-Kilometer
Ton-Mile
1.7 x 10 -4¢
0.25¢
3.4 x 10 -4¢
0.50¢
1.3 x 10 -3¢
1.50¢
5.1 x 10 -3¢
7.50¢
1.7 x 10 -2¢
25.00¢
(ref. 2-1)
Speed
Meters/Second
Miles/Hour
0.894
2
2.235
5
8.941
20
17,882
40
183.290
410
(ref. 2-1)
Load
Kilograms
Tons
1.271 x 106
1,400
1.632 x 106
1,800
3.992 x 104
44
2.177 x 104
24
1.179 x 103
1.3
(ref. 2-1)
Distance
Kilometers
Miles
965
6OO
1,239
770
797
495
418
260
1,207
750
(ref. 2-1)
Fuel Consumed
Joules/kilogram-kilometer
BTU/Ton-mile
325
450
491
680
484
670
2,024
2,800
30,356
42,000
(ref. 2-2)
i0
2,4.1,5 FREIGHT COST STRUCTURE
An examination of the cost breakdowns
in competing modes can yield information
concerning the feasibility of an airship
system.
Sales can be made on what is known as
a marginal basis. If the sale of a unit
produces a revenue equal to the out-of-
pocket costs of producing that unit plus
some contribution to the overhead, then it
is beneficial for the firm to make that
sale. Needless to say, total contributions
to overhead must at least cover the total
overhead andproduce some profit or the
operation cannot be viable.
Out-of-pocket costs are often referred
to as variable costs; that is, they vary di-
rectly with production output. The fixed
costs are those costs that would continue
even though production ceases. Fixed costs
are often known as overhead.
In the transportation industry, vari-
able costs will set a floor for rates. The
lower variable costs a mode has, the great-
er flexibility the mode has in setting
rates and meeting competition. Table 2-3
indicates the relative relationships of
costs for existing modes of transportation
excluding pipelines. As can be seen, rail
and water have considerable flexibility in
setting minimum rates, while the air and
motor modes are structurally confined to
immediate recovery of costs.
TABLE 2-3
FIXED COSTS VERSUS VARIABLE COSTS BY MODE
(ref. 2-1)
Approximate Percentage
Mode of Total Cost
Fixed Variable
Rail 67 33
Water 50 50
Air 20 80
Truck 15 85
2,4,i,4 PASSENGER MODE ANALYSIS
Table 2-4 shows the use characteris-
tics of relevant passenger modes. Inter-
estingly, pass_nH_rs appear to purchase
more units of transportation [kilometers
(miles) traveled] as the cost per unit in-
creases. People apparently consider in
their purchase of transport service more
than distance and price.
TABLE 2-4
CHARACTERISTICS OF PASSENGER MODES
(averages from ref. 2-3)
Mode
Bus (Inter-
city)
Rail
Air
Distance
Kilo-
meters
148
338
1094
Fare
Kilo-
Miles meter Mile
92 2.4¢ 3.9¢
210 3.0¢ 4.8¢
680 4.0¢ 6.4¢
2,4,1.5 SUMMARY
Table 2-5 summarizes the operational
characteristics of existing modes of car-
riage in a subjective manner as might be de-
termined by a consumer. The convenience
category refers to both directness of ship-
ment from point to point and the need for
utilizing another mode of carriage to pro-
vide complete door-to-door service.
2,4,2 AIRSHIP CHARACTERISTICS
Historically, the airship was a rela-
tively slow vehicle although considerably
faster than even current water vehicles.
Indications are that 58 meters/second (13
miles/hour) is practical maximum speed for
a fully buoyant vehicle (see Chapter 6).
In the past, airship operations required
large amounts of labor both for flight and
ground handling. Navy experience during
the 1950's and 1960's indicates that much
labor can be replaced with mechanical and
electronic devices. Navy experience during
World War II indicates that airships have
capabilities of operating at remote sites
without great amounts of preparation. Ex-
perience has also indicated operational
capability during most weather conditions.
Ballast and buoyant gas management has lim-
ited airship operations because of pressure-
height restrictions. Also, in the past,
the airship has been restricted structurally
to a limited cargo capacity.
TABLE 2-5
OPERA]-IUNAL CHARACTERISTICS OF FREIGHT CARRIAGE MODES
Mode
Air
Motor
Pipeline
Rail
Water
Speed
O_
L • i
x
x
x
x
x
Cost
M
e
d
L i
X
x
x
x
Convenience
H d H
x X
X.
X
X
X
Cargo
Size Weight
d H d H
n W mw m
x x
x x
x N/_
X X
x x
Ii
NOairship movingthe state of art
forward hasbeenbuilt since the 1950's.
However, modern technology can be utilized
to build the large size airship needed to
carry economic size loads.
Considering the gap between the older
airship and modern technology, it would be
advisable to develop an airship transporta-
tion system in steps or phases.
Phase I would be a learning stage that
modernizes the state of the art particular-
ly in manufacturing and operations. In
o_der to establish the airship as a commer-
cial vehicle, it may be necessary to oper-
ate with mission and weight characteristics
"between" those of a truck and an air_lane.
The Phase I ship would carry 2.3 x 10 _ kilo-
grams (25 tons), about the capacity of a
current intermodal container. Its speed at
36 meters/second (80 miles/hour) is double
the average truck speed of 18 meters/second
_40 miles/hour)--see Table 2-1. It also
has the ability to load and unload without
special facilities, i.e., it can perform
door-to-door service.
Phase II would increase carrying capa-
city considerably, enlarging the potential
market and technically stretching the state
of the art. Phase II increases the cargo
capacity to 9.072 x 104 kilograms (i00 tons)
with some sacrifice in speed at 27 meters/
second (60 miles/hour). But this is still
faster than the average truck speed°
2,5 ECONOMIC MODEL
2,5,1 GENERAL
Any economic analysis has to consider
the long _n effects of costs and revenues
upon the rate of return on investment. Be-
cause direct operating costs generally do
not reflect long run profitability, an eco-
nomic analysis must consider a full inter-
nalization of all identifiable costs. More-
over, the long run viability of a compet-
itive airship system requires a "reasonable"
rate of return on invested capital, regard-
less of whether private or public capital
is considered.
The economic model developed for the
airship system is a natural outcome of the
project's requirements and is based upon the
following excerpt:
Because there is little faith
in current LTA cost estimates, a
different approach was suggested.
The most useful studies should be
directed toward examining potential
markets for LTA in the existing
transportation world. By analyzing
the existing competition for poten-
tial LTA markets, cost and perform-
ance requirements can be derived at
which LTA's would be economically
feasible. By "working backwards"
in this way, one can try to design
an airship which will not exceed
these costs (ref. 2-4, p. 22).
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In addition to the foregoing, the eco-
nomic analysis in this study was influenced
by the following:
The type of analysis that
must be conducted to determine the
marketability of the concept (air-
ship) is clear, however. It must
address both supply and demand ele-
ments. It should start from a mar-
keting concept to define the per-
formance specifications for the sys-
tem as a whole including terminal
organization and operation. From
this a detailed set of equipment
costs and costs per ton-mile must be
developed and tr@nslated into a rate
structure .... (ref. 2-5 p. ii0).
At the outset of the project, the deci-
sion was made to incorporate state-of-the-
art technology into the airship design(s).
Consequently, it became increasingly clear
that cost estimates of these technological
innovations would be completed only towards
the end of the project. Moreover, a priori
decisions to specify absolute tonnage capa-
cities for the airships fixed many opera-
tional cost parameters. Thus, a natural
outcome was the development of an economic
model that would leave the construction
costs of an airship fleet as the only vari-
able to be determined. Interestingly, this
is just the "working backwards" approach
suggested above.
2,5,2 MECHANICS OF THE MODEL
Although its principal aim is to deter-
mine the cost parameters of the system, the
model is general enough to permit some
parametric analysis. From a definitional
point of view, the net productivity of an
investment may be determined by setting the
present value of costs equal to the present
value of expected revenues. The following
definitions comprise the components of the
model:
(Sl/r) [l-(l+r)-t]=Present value of a sum of
money S 1 that is paid out
(or received) once a year,
at the end of each year,
for t number of years.
s2_te-rVdv = (S2/r) [l-e -rt] =
Present value of a sum of money S 2
that is paid out (or received) at a
constant, continuous rate per year
for t number of years.
S3[l+r]-t = Present value of a sum of money
S 3 paid out (or received) at the
end of t years.
The general model is:
ZA+ (_B/r) [i- (l+r)- (t-l) ] +_C_te-rVdv =
R_te-aVdv + ZS(I+r)_ t v (3-1)
where:
ZA = Total dollar amount spent initially,
ZB = Annual costs of items paid once a year,
ZC = Annual costs incurred at a continuous
rate,
ZS= Salvage value of all physical items,
R = Annual expected revenue,
t = Project life in years,
r = Cost of capital,
a = Internal rate of return.
After integration (assuming that cargo
insurance is one percent of revenue) and
identification of specific costs, the model
becomes :
4 + 1 8Ci (l_3_rt)0I_A (l/r) _Bi[1-(l+r)-(t-l)] +
3 -t
- ZS (l+r) = (.99R/a) [1-e -at ] (3-2]
0 l
where :
A 0 = fleet cost,
A 1 = cost of helium,
A 2 = cost of terminals,
A 3 = cost of h_ngar operations equipment,
A 4 = initial insurance payment,
B 0 = annual insurance payment,
B 1 = annual helium cost,
C O = annual cost of hangar rent,
C 1 = annual cost of terminal personnel,
C 2 = annual cost of flight personnel,
C 3 = annual cost of hangar personnel,
C 4 = administrative annual cost,
C 5 = annual cost of terminal operations,
C 6 = annual cost of hangar operations,
C 7 = annual cost of fuel and oil,
C S = annual cost of spare parts,
S O = salvage value of airship fleet,
S 1 = salvage value of terminals, less land,
S 2 = salvage value of land (=initial value),
S 3 = salvage value of helium (=(1.2) x
initial value).
2,5,2,1 INTERPRETATION OF THE MODEL
In equations (3-1) and (3-2), the value
of the constant "a" is the net productivity
of the investment, or, alternatively, the
internal rate of return. The value for R
was estimated from census data. The cost of
capital, r, is taken to be eight percent for
all computations. Project lifetime is esti-
mated to be 20 years, (any of these could be
varied in the model for a parametric anal-
ysis).
Given the foregoing, A 0 is determined
by fixing the value of "a." The particular
values chosen for analysis are 3%, 8%, and
12%. Thus, for any particular system, the
fleet cost (A 0) corresponding to a given set
of revenue, project life, and rate of return
can be determined. This model was used to
analyze some of the missions in Chapter i0.
Results are presented in that chapter.
2,5,2,2 LIMITATIONS OF THE MODEL
Because of the decision to fix the car-
go capacity of the airships (see Chapter i),
the model developed is not used for optimi-
zation. Ideally, technical and economic
information should be integrated from a
project's inception and hence provide the
framework for designing an optimum size air-
ship. In order to accomplish this task,
economists must be thoroughly familiar w_
existing technical relations so that cost
and performance tradeoffs can be identif
and incorporated into the model. Likewise,
technical decision-making should be con-
strained, wherever possible, by cost con-
siderations.
In summary, an ideal economic model
would be a thoroughly integrated set of eco-
nomic and technical relations, and would
probably be a set of simultaneous equations.
These relations would characterize the en-
tire design schema, and would permit the de-
signing of an optimum-size airship.
2,6 ENERGY ACCOUNTING
Society as a whole has a major stake in
the utilization of energy by any segment of
society. As any product or service bids for
its place in society it must show not only
evidence of beneficial service but also must
be energy efficient.
2,6,1 INPUT-0UTPUT MODEL
The cost of energy related to any prod-
uct or service must account for all the
energy expended in the production and assem-
bly components as well as that expended in
putting it in position to be utilized. The
total energy (Fig. 2-3) includes such things
as the energy expended in the production or
extraction of raw materials, including
energy utilized in producing the tools util-
ized; the energy expended in converting the
raw materials to usable form; the energy ex-
pended in moving materials; the energy ex-
pended in building and maintaining facili-
ties; the energy expended in heating, cool-
ing, and lighting facilities; and of course
all of the energy expended by people not
only in direct labor involved but in manage-
ment, sales, etc.
_\//
MANUFACTUR,NG //_ _ _ L,OHT AND HEAT
STORAGE TRANSPORTATION
FIGURE 2-3
TOTAL ENERGY
The collection and assembly of each
component of energy utilized in a portion of
the total system is conceptually possible,
but because of the magnitude of the n_mber
of components involved the task is forebod-
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TABLE2-6
OPERATINGCOSTSOF
TRANSPORTATIONMODES
Mode
Pipeline
water
Rail
Truck
Airplane
AirshipPhaseIPhaseII
*ref. 2-5
Cost in Cents
Per
Kg-km
1.7x10 -4
3.4xi0-4
1.3x10 -3
5.1x10 -3
1.7x10 -2
1.0xl0 -25.6xi0 -3
Per*
Ton-Mile
0.25
0.50
1.50
7.50
25.00
14.968.23
Per
Kg-km(h_)
5.4xi0-5
4.3xi0 -5
3.2x10-5
8.1x10 -5
2.6xi0 -5
6.6xi0 -8
4.3XI0 -8
i Per
imile)Ton-Mile ,
0.125
0.i00
0.075
0.188
0.061
0.217
0.141
ing. Aninput-output matrix of this magni-
tude maybebeyondcurrent digital computer
capacity.
Just becausethe input-output matrix
is not practical at this point, energycon-
sumptioncannotbe ignored. A practical
approachto the problemcanbe an approach
similar to the approachtaken in National
IncomeAccounting,that is, using indirect
methodsof arriving at the desired result.
2,6,2 OPERATINGCOSTMODEL
Operatingcosts of anymodeof trans-portation arean expressionof all the costs
that go into the production of a unit of
carriage, direct andindirect. Cost re-
flects the quantities of energyexpended
andthe length of time incurred in the use
of that energyin the productionof a good
or service. Therefore,an indirect method
of measuringthe relative total energycon-
sumptionof various modesof transportation
is to comparethe operating costs of the
modes(seeTable 2-6). Kilogram-kilometer(ton-mile) costs are normallyutilized in
measuringthe unit of carriage production.
It is the cost of carrying onekilogram(ton), onekilometer (mile). Moneyalsohas time value, andin addition, the longer
a product is enroute, the larger the inven-
TABLE2-7
FUELCONSUMPTIONOF
TRANSPORTATIONMODES
JOULES BTU'sPer* Per
MODE ton-mile ton-mile(_r)
Pipeline
_ater
Rail
truck
_irplane
%irshipPhaseIPhaseII
kref. 2-6
Per Per.
kg-km kg-km(_r TM)
325 102.2
491 61.8
484 15.2
2,024 31.8
30,356 46.5
6,252 49.1
1,749 18.3
450
680
670
2,800
42,000
8,650
2,420
225.0
136.0
33.5
70.0
102.4
108.1
40.3
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tory of the product is; hence, more energy
is utilized in maintaining the proper flow
of product from producer to consumer. One
must then consider the cost paid for higher
speeds and resultant reduced time. A par-
ameter which simply indicates this is found
by dividing the cost/mass-distance by the
average speed of each mode (see Table 2-1).
This parameter is also shown in Table 2-6.
While existing transport mode charac-
teristics are historically determined aver-
ages, projected airship characteristics are
based on operations under optimum design
conditions.
2,6,3 FUEL CONSUMPTION
Consideration of energy consumed by the
carriage function is important in light of
possible near-term fossil fuel shortages.
Table 2-7 illustrates the relative energy
efficiencies of the various modes. Once
again, in addition to the standard kilogram-
kilometer (ton-mile) units, these data are
divided by speed and the results presented.
Table 2-8 indicates the effect of speed
on energy consumption for the Phase II air-
ship. The effect of stops is also shown in
Table 2-8. The indication seems to be that
long, slow flights consume lesser amounts of
energy. However, market conditions will de-
termine the airship's Speed and the duration
of flights.
Point-to-point energy consumption, it
must be remembered, is only a satisfactory
method of comparison for short term pur-
poses, and even then when all facets of
"out-of-pocket" energy costs are directly
compared. For example, more than one mode
may be required for total movement, and one
mode may travel more miles than another to
move goods between the same points.
2,6,4 SUMMARY
Three conclusions may be drawn concern-
ing energy consumption of airships:
i. The airship on an energy/mass-distance
basis can be expected to fall in the
area between the truck and the airplane
(see Table 2-6).
2. As airship capacity increases, it oper-
ates more economically and is more
energy efficient (see Tables 2-6 and
2-7).
3. As the speed of the airship increases,
it operates less economically (see Table
2-8).
4. If time utility is considered, the
energy and cost factors look very favor-
able, particularly for the Phase II air-
ship (see Tables 2-6 and 2-7).
2,7 SUMMARY
Society requires transportation to ef-
fectively satisfy its wants and needs. The
airship transportation system must find its
niche in the current environment of trans-
port modes by performing uniquely. The air-
ship can perform uniquely if it gives, for
example, service equal to that given by a
truck but at a greater speed.
TABLE 2-8
PHASE II AIRSHIP
FUEL USAGE AT VARIOUS SPEEDS
FOR 3200 KILOMETER (2,000 MILE) TRIP
FUEL CONSUMPTION
SPEED
km/m Miles/Hour
80.6 50
96.5 60
112.7 70
128.9 80
144.7 90
160.9 I00
Joules/kilogram-kilometer
Stop each
Non Stop
1,361
1,749
2,235
2,967
3,535
4,281
800 kilometers
1,466
1,861
2,340
3,072
3,6s_
4,386
Joules
kg-kms_!p each
Non Stop 800 kilometers
17.3 18.6
18.2 19.5
20.0 20.9
23.2 24.1
24.5 25.4
I 26.8 1 27.7
BTU/ton-mile
Stop each
Non Stop 500 miles
1,883 2,028
2,421 2,575
3,092 3,238
4,105 4,251
4,891 5,037
I 5,923 I 6,069
ton-mile <._le)
Stop each
Non Stop 500 miles
38 41
40 , 43
44 46
51 53
5i 56
I 59 61
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The economic model discussed in this
Chapter is a general model, used to compute
a permissible airship construction cost
based on a specific rate of return on the
investment.
The airship is very competitive with
the airplane on an energy/mass-distance
basis. The Phase II airship is competitive
with all modes of transportation on a time
utility basis.
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3,1 INTRODUCTION
This design study is a feasibility
study concerning the reutilization of the
airship as a major component of the trans-
portation system. Two major areas of con-
cern were designated: I) to provide a new
technical design, and 2) to determine an
economic basis for the LTA that will promote
an effective, efficient, and profitable
operation.
For the system to be effective environ-
mental concerns must be included in the
technical analysis (ref. 3-1). To achieve
this aim, technology must be assessed and
evaluated in relation to the other systems
with which it interacts. It is important
that environmental and ....v=_v_D=.... social sys-
tems be examined to determine if changes
caused by a new system will be constructive
or degrading, high or low in costs, desir-
able or undesirable in both quality and
quantity of service provided, and to deter-
mine the patterns or effects that will be
producedwithin each of the various systems.
Technology assessment properly utilized in
the form of systems analysis will determine
constructive policy and decision making.
A study of how the structure, function
and processes of each system interact with
the LTA transportation system technology
gives information about effects that may be
expected from various actions. The areas
of concern are many and varied; to discuss
these areas in a methodical systematic man-
ner allows the exploration of the full range
of possibilities that could have effect upon
the new form of the technology.
3,2 TECHNOLOGYASSESSMENT
3.2,1 INTRODUCTION AND SCOPE
The airship will perform within the
framework of society. Society encompasses
all the human needs and endeavors; it is
here that the airship technology must sus-
tain itself as a part of the transportation
system.
Technology assessment deals with the
question of the impact of LTA transporta-
tion systems on the total environment.
These impacts relate to air and water qual-
ity, noise, and land use.
The legal subsystem is examined as to
the regulatory agency constraints and other
legal restrictions which could influence the
airship design and operation.
The socio-political system furnishes
information regarding socio-political inter-
est group support, congressional support,
possible funding areas, and the political-
labor factors that could contribute to the
success or failure of the new system.
A sociological analysis evaluates the
attitudes and perceptions of the various
social groups (publics) relative to the air-
ship concept. Attitudinal survey results
will furnish evaluation data.
The design of the LTA Transportation
System represents an attempt to reestablish
the LTA concept in a new configuration that
will provide a set of unique services per-
mitting the system to be come a viable tech-
nology in the total sphere of transportation.
Figures 3-2 and 3-3 portray the air-
ship technology of the past. Technology
assessment was not utilized in the introduc-
tion of past airship transportation systems.
The operational factors were limited to
military use and to provide national pres-
tige. These non-economical functions pre-
saged the demise of the technology over time
as the airplane became a faster and more ef-
ficient form of air transport.
The lapse of the LTA vehicle as an ef-
fective form of transportation was brought
about by a narrowness of assigned missions
and the unsafe use of hydrogen as a lifting
gas. Proper "assessment" of the airship
capabilities could possibly have shown eco-
nomic viability and further advanced the ef-
fectiveness of an LTA vehicle.
Technology forecasting is the attempt
to relate airship technology with a set of
possible situations, strategies, or policies
that may help or hinder the system in pro-
viding new capabilities. Technology assess-
ment can predict useful actions to insure
efficient and effective utility.
Technology assessment is not necessary
to determine a capability to build, con-
struct or fabricate the LTA vehicle, but it
is necessary in order to forecast probabil-
ities of creating a market-efficient mission
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capability, i.e., a need that can be effi-
ciently performed° It will be the social
acceptance, economic needs of the society,
and the effect on the environment in which
the airship will operate that determinesuc-
cess or failure.
Past LTA technology has not demon-
strated persistance. The renewal and reha-
bilitation of that technology into some new
configuration with new mission formats could
provide a means for its re-introduction.
Forecasting that is beneficial and ef-
fective should:
i. determine what trends are operative;
2. determine alternative trends;
3. determine what is involved in each
of the positions and alternatives
as to actions and reactions and de-
termine what acts must be intro-
duced to make them come true;
4. determine which occurence is most
likely to occur.
3,2,2 POLITICAL FACTS
An air transportation system must ob-
tain from Federal regulatory agencies per-
mission for routes, operating areas, carry-
ing capacities, and rates. Licenses must
also be obtained from these agencies. These
factors, related to both markets and tech-
nology, will operate to benefit or constrain
the ability of the LTA vehicle _o be built
efficiently and perform economically.
Survival of LTA technology also depends
upon-economic factors that are profit moti-
vated and incentive oriented. The economic
system will be the prime determinant of sur-
vival. Combined with the economic system
are the political institutional arrange-
ments arrived at through legal requirements
set forth by government.
Competing interest groups in transpor-
tation will exert influence to deny the
entry of the new system into their spheres
of the transportation systems network. The
sharing of the carrier market will not come
easy. The policies that are created for or
against the LTA system will be influenced by
lobby groups.
Part of the air freight sector will be
a competitive area for the airship. Addi-
tionally, the land-freight, short-haul
trucking industry should also provide a com-
petition for the LTA vehicle.
Figures 3-3, 3-4, and 3-5 show some
useful data related to the different modes
of transportation. The cost of shipment
per mass-distance and the speed of shipment
both have importance to the new technology.
There is an area between the average airship
revenue per kilogram-kilometer (ton-mile)
and the truck system within which the LTA
could compete. It is noted that Fig. 3-3
shows an upper speed of about 89 meters/
second (200 miles/hour). This speed may be
attained by semi-buoyant vehicles but the
most efficient maximum speed for fully buoy-
ant vehicles is 45 meters/second (i00 miles/
hour)--see Chapter 6.
Both the truck carrier sector and the
air freight sectors will perceive threats to
their rates and profits. Figure 3-3 indi-
cates that the LTA vehicle could seek its
freight rate in the range 0.007 to 0.014¢/
kiloqram-kilometer (i0 to 20C/ton-mile).
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maintenance. In order to assist the airline
industry both airmail and first class mail
are transported by airplanes. While it can
be assumed that this is to ensure speedy de-
livery, it must also be understood that the
carrying rates for the transportation of the
mail is structured as an airline subsidy to
assist the ailing air transport system.
Postal freight plays an important part in
maintaining the profitability of the air-
lines.
_p. 1962 1972
AIR CARRIER, CERTIFIED IX_STIC OFERATION6, 0.0145C 0.0156¢
SC_DUI_D SERV1 e1_ (21.31¢) (22.75¢)
CLASS 1 RAIL O.0OO9¢ 0.0011¢
(1.35¢) (1.62¢)
CIASS I INTERCITY MOTOR CARRIERS OF
PROPERTY 0. 0044C O. 0055¢
COMMON (6.41c) (8.00c)
O. 0049¢ 0. 0048
CONTRACT (7.29c) (7.02c)
FIGURE 3-4
TOTAL AVERAGE FREIGHT REVENUE PER
KILOGRAM-KILOMETER (TON-MILE)
(adapted from ref. 3-3)
Some airlines, currently operating at
a deficit have had their government mail
subsidy increased as a means of financial
aid. Further, the route structures of air-
lines are expanded or dropped to create or
assist in attaining profitability for the
airline industry as a whole.
Given this example of support by the
regulatory arm of the government, preferen-
tial relationships can be subsumed from
these actions on the part of the regulatory
agency toward their current clients. These
relationships could have an inhibiting ef-
fect on a new transportation mode.
Labor politics might also be of impor-
tance. In the transportation system the
Teamsters' Union is a dominant force. Since
the majority of the Teamster membership is
drawn from the truck transportation sector
of the union, threat perceptions on the part
of that faction can be anticipated. This
large and militant sector of the union could
threaten the airship by lobbying for regula-
tory legislation which could prevent the
growth of LTA vehicle systems.
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These rate limits still border on truck and
air transportation rates as seen in Figures
3-4 and 3-5. Neither of these two modes of
freight transportation will be desirous of
sharing their carrying capacities.
/ The airline freight carriers at the
present time receive subsidy for profit
There are also more general ways that
labor unions can affect the new industry.
Two methods are suggested. First, control
can be obtained over the LTA labor group
forcing the members to enter one of these
unions in order to work. This is within
the capability of the large national and
international unions as has been demon-
strated in the past.
The second manner of constraint would
be the imposition of a wage structure so
high that a new industry would be forced to
operate at a loss and be unable to compete
with the other more mature and established
carrier lines.
3,2,2,1 CONGRESSIONAL ATTITUDE SURVEY
The legislative arm of the political
system will be crucial to the LTA transpor-
tation system. This system with its compo-
nent subsystems of political parties and in-
terest groups will have primary decision
making power which will affect the amount of
support in the public domain for the airship.
The Congressional-Legislative group
will, in all probability, be one of the ini-
tial and primary decision makers relative to
the creation and re-establishment of the LTA
system. Since decisions regarding appropri-
ations and funding as well as regulations
21
/I
and laws lie w_th this branch of government,
it would be beneficial to know what sort of
support actionilwould be forthcoming.
i
An attitudinal survey (see Appendix A)
was mailed to each member of the two houses
of the United States 94th Congress--total
membership 535; i00 in the Senate and 435 in
the House of Representatives.
The Congressional survey elicited a
34.4% aggregate response, providing a usable
sample return numbering 184. (The total re-
sponse was 201; some members answered "did
not reply to surveys," or only a partial re-
sponse was returned.)
Within the survey were two prime ques-
tions relating to "support perceptions."
These were questions number 6 and 9. Ques-
tion number 6 asked for a response as to
support of R&D Funds relative to LTA tech-
nology: "Research and development funds to
update airships for transportation purposes
would be a good investment." Answers per-
mitted were: strongly agree, agree, do not
know, disagree, and strongly disagree. In
answer to this question there was a majority
support for providing R&D funding for the
LTA technology: 57% agree, 87% strongly
so. Also 8.2% are opposed, 2.2% strongly
so, while 33% are neutral. (See Fig. 3-6.)
Question 9 asked for support or non-
support for the statement, "If modern tech-
RZSPONSE TO #6
QDESTI0_: KZSKARCH AND _VELOP_NT
FUN_ TO UPDATE AIRSHI_ FOR TRANS-
_TATION _I_PO6ES WOULD BE A GOOD
IW_STMENT?
nology can make the airship feasible, would
you support Federal funding to make it a
reality?" In answer, 58.6% are in support
of funding the technology: 8.6% definitely
would, 50.0% probably would. This can be
viewed as strong support by the Congress.
Also, 15% were not favorable to funding.
On this question 26.4% were neutral. (See
Fig. 3-6.)
It should be noted that if both the
neutral and negative responses were combined
into a nonsupport group, there is still a
majority support for the LTA concept.
3.2.2.1.1 CONGRESSIONAL RESPONSE BY
DESIGNATED COMMITTEES
Since the Congress of the United States
operates through its committee system, it is
important to determine which of the survey
respondents are on the committees which
could affect the successful re-introduction
of the airship system. Seven committees in
the House and four in the Senate were
chosen. Respondents were asked to designate
membership on any committees listed below
and support percentages were then determined
and given in Table 3-1.
Support Within the House of Representatives
Committee System
In general, a relatively high response
percentage coupled with an overall positive
RESPONSE TO #9
QUESTION: IF MCDERN T_CHNOL_Y CAN
_ THE AIRSHIP FKASISLZ WOULD YOU
SUPPORT FEDERAL FUNDING TO MA_ IT
A REALITY?
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attitude wouldbe an indication of support.
Hence,the surveyresponseindicates afavorable committeeenvironmentin the Ways
andMeansConm%ittee (the revenue raising
committee), the Science and Technology Com-
mittee, and the Armed Services Committee
(military usage) within the House of Repre-
sentatives.
Support Within the Senate Committee System
By the same reasoning, the Senate com-
mittee system showed support strength in
three of the four committee areas selected:
Aeronautical and Space, Armed Services, and
Commerce. The small return from the Appro-
priations Committee cannot be considered
favorable to the program; however, this re-
sponse is not considered significant enough
to forecast any adverse decisions from this
particular committee. In summary, the com-
mittees of both houses are perceived to be
favorable to LTA technology.
3.2.2.1.2 CONGRESSIONAL RESPONSE BY
GEOGRAPHIC REGION
The survey questionnaire also asked
each congressional respondent to designate
his particular region: West North Central;
East South Central; Middle Atlantic; Moun-
tain; New England; Pacific; South Atlantic;
West North Central; West South Central; and
Alaska-Hawaii.
Again, a high response percentage
coupled with the overall positive attitude
would indicate support. A low percentage
response might then indicate the reverse,
i.e., little interest.
The strongest support was demonstrated
by the Pacific and the East South Central re-
gions followed by West North Central, South
Atlantic, and the Middle Atlantic regions.
The least support by region came from the
New England States and Alaska-Hawaii. The
10w regional support in the New England re-
gion might be due to lack of an expansive
geographic area. The two noncontiguous
state locations seem to preclude LTA vehicle
systems because of distances and, perhaps
on the part of Alaska, climate. What is
interesting is the median support provided
by the Mountain States, fifth in order of
ten, suggesting the area's desire for LTA
system availability. It will be important
to retain this particular regional support.
The LTA capability will be such that alti-
tude limitation does not preclude its usage
within the Mountain States area. Naturally,
if this mountainous area perceives no bene-
fits from this technology, its congressional
support could be withdrawn. The potential
to operate LTA vehicles at high altitudes
is included in the design concept=
The regions and Congressional response
by region are shown in Fig. 3-7 and Table
3-2 respectively.
[31.4% 136.7%
• _5.0%
_ 21.6%
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TABLE 3-1
PERCENTAGE OF CONGRESSIONAL RESPONDENTS BY COMMITTEE
House of Representatives Committees
Appropriations
Armed Services
Education and Labor
Foreign Affairs
Interstate and Foreign Commerce
Science and Technology
Ways and Means
• Senate Committees
Aeronautical and Space Sciences
Appropriations
Armed Services
Commerce
Members Respondents Percent
55 ii 20
40 ii 40
40 i0 25
32 9 26.4
42 8 19
37 15 40.5
36 16 44.4
i0 4 40
26 4 15.4
18 8 44.4
18 7 38.9
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TABLE3-2
CONGRESSIONALRANKINGIN
REGIONALRESPONSE
Respondent
Rank Re@ion percentage
1st East South Central 40.0
Ist Pacific 40.0
2nd West North Central 36.7
3rd South Atlantic 34.6
4th Middle Atlantic 34.1
5th Mountain States 31.4
6th West South Central 30.3
7th East North Central 25.0
8th New England 21.6
9th Alaska-Hawaii (non
contigious) 14.2
3,2,2,i,3 SURVEY SUMMARY
The 58% congressional support for the
LTA system indicates political-governmental
support to the LTA technology. The low 15%
nonsupport figure shows minimum antagonism
to the airship concept. If the neutral re-
spondents are added, it appears that major-
ity support could still be anticipated.
The neutral or "don't know" group repre-
sented at the maximum 33%. Logically, the
neutral block might tend to provide support
along the same general percentages of "for
and against" as shown in the survey. The
probability of a strong negative vote from
this group is small. General support from
this group should be anticipated.
3,2,2,2 FUNDING
There are several funding methods that
appear feasible for the construction and
operation of LTA technology. Both govern-
mental and business sectors have the capa-
bility to generate sufficient funds for the
airship industry.
However, neither of these sources is
funding a comprehensive LTA transport sys-
tem. This may be due to several negative
factors. One such factor is that there has
not been a demonstrated need for a new sys-
tem of air transportation. No profitable
use has yet been investigated thoroughly.
Also, there is no past record of economic
viability for any LTA vehicle system. The
German Zeppelins and the British R-101 were
semi-productive economically, but ultimate-
ly did not produce a return on investment.
The past provides no information regarding
fleet operations.
However, the previously cited survey
of Congress has established a possible
source of support. There appears to be
majority support to generate initial funds
for further development. While the Govern-
ment appears to offer the best source of
funding, the private sector also appears
promising. Private funds would, however,
only become available after a demonstration
of the feasibility of the concept.
Table 3-3 indicates several funding
methods. Two methods are from the Govern-
mental sector, two involve the Government
and private sectors jointly, and two are
from the private sector alone.
Government Funding
The primary source of funds could well
be the line item in an agency's budget.
This line item would be for research and
development funds to build and operate a
series of LTA vehicle prototypes to obtain
information useful for extending the tech-
nology into the private sector.
A secondary source of funds would be a
multi-agency effort. Prototypes would be
adapted to meet specific missions related
to each agency. In this manner usage fac-
tors and costs can be obtained. Prototypes
could be leased to the private sector area
to generate economic utility data relative
to effectiveness and efficiency.
Joint Funding
Another funding method would be to com-
bine government and private sector efforts.
This would entail research funding by the
Government and construction funding by the
Government
i. Line Item in Agency
such as NASA.
2. Joint Agency Funding -
_OD, .DOT, NASA, and ERDA.
TABLE 3-3
FUNDING METHODS
l,
2.
Joint
Government developed
airship used by a
consortium of private
industries.
Government developed
airship used by
individual industries.
1.
2.
Private
Industry provides all
funds and operates a
consortium.
Current air carriers
develop airship and
lease or operate
system.
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private sector. Anexampleof this wouldbe
the Postal Service providing research funds
so that an industrial consortium could de-
velop a mail carrying fleet of airships.
(See Chapter i0).
Another joint government-private sector
funding method would be the involvement of
only one industrial firm with the Govern-
ment. For example, companies such as duPont
could develop materials for an airship de-
veloped by government agencies.
Private Sector Funding
The private sector can generate funds
tU_rough a consortium formed by manufacturing
companies. This entails the joint usage of
the LTA vehicle fleet on an internal sched-
ule with point to point pickup-delivery de-
termined by the user group. Operational
costs and any profits could be prorated.
Funds would be jointly contributed by
general manufacturing industries. The oper-
ating structure would be a subsidiary com-
pany, or a new autonomous corporation, joint-
ly controlled by the groups involved. Oper-
ational periods would provide utility fac-
tors and cost of operation factors which in
turn are used;to predict economic feasibil-
ityJ
An alternative in the private sector
could be the use of the LTA concept by the
aerospace and the airline industries. This
could also be a consortium arrangement. The
aircraft industry would design and construct
a given number of LTA prototypes. These
would be utilized by the airlines within
their present route structures. This fund-
ing and operation technique could be used to
develop a viable LTA vehicle system without
harming the current air transport industry.
3,2.3 LEGAL CONSIDERATIONS
3,2,3,1 LEGAL DEFINITIONS
According to the Federal Aviation Ad-
ministration (FAA), an airship is defined as
an engine-driven, lighter-than-air aircraft
that can be steered. Similarly, the agency
defines a lighter-than-air vehicle as an
aircraft that can rise and remain suspended
by using contained gas weighing less than
the air that is displaced by the gas.
3,2,3,2 BACKGROUND
Certain legal obligations have been
placed upon transportation businesses due
to the dependence of society upon their ser-
vices. These special obligations may take
four different, yet interrrelated forms: to
serve; to deliver; to charge reasonable
rates; and to avoid discrimination. The
legal nature of airships functioning in
existing transportation networks would be
analogous to other basic forms of aircraft
transportation. Origins of the four obliga-
tions listed above have filtered down
through the ages and are now referred to as
common law, i.e., based on tradition and the
law of precedents. According to Sampson and
Farris, the word "common" can be translated
to mean "public in the sense of being avail-
able to all" (ref. 3-6, p. 105).
With the passage of the Federal Avia-
tion Act of 1958, the Government was given
complete and exclusive national sovereignty
in the airspace over this country. In es-
sence, any citizen of the United States is
granted a public right of freedom in transit
via air commerce through the navigable air-
space. Navigable airspace is defined as
airspace above the minimum safe altitudes
of flight.
Other legal concerns are determined by
court cases cited _,der the following gen-
eral headings:
Airports and Liability
Damages and Injuries on the Ground
Liability to Passengers and Others
Tariffs--Limitation of Liability
Workmen's Compensation
Limitation of Liability
Liability of Manufacturers and Re-
pairers (ref. 3-7).
3,2,3,3 AIRCRAFT RESTRICTIONS--COURT CASES
Since the passage of the Federal Avia-
tion Act, federal law grants extensive au-
thority for the FAA to control airspace and
to regulate air traffic. Therefore, cities
are unable to exercise much control over
aircraft noise, clearly one of the most con-
troversial of all noise sources. Any at-
tempts by local governments to curb aircraft
noise by local ordinance have been over-
turned by the courts when the ordinance was
found to create an unconstitutional burden
on interstate commerce (ref. 3-8). However,
local ordinances regulating some aspects of
airport operations presumably would be al-
lowed when they do not jeopardize aircraft
operational safety or burden interstate com-
merce. For example, a municipality might
order engine maintenance activities moved
to another location when noise levels ex-
ceed those permitted by state or local law.
In addition, airport owners can exercise
direct control over some _ortions of airport
noise (ref. 3-9). Restrictions on the per-
missible noise level of aircraft using the
airport can be established. They can also
specify the location for engine runup pro-
cedures.
Aircraft noise has created legal prob-
lems in such places as Grand Canyon National
Park. During a telephone conversation, the
park superintendent noted that the primary
problem with commercial aircraft tours over
the canyon was the noise factor; there have
been numerous complaints about noise from
helicopters and small aircraft. As a re-
sult, on January 3, 1975, Public Law 9362
was passed. In short, the law gives the
Park Service the authority to take action
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against excessive noise in the Canyon by
complaining to the FAA.
3,2,3,4 REGULATING AGENCIES
3.2.3.4.1 THE FEDERAL AVIATION
ADMINISTRATION
As mentioned, the FAA was created by
the Federal Avi_ulon Act of 1958, as an in-
dependent board and given comprehensive au-
thority over air safety and the control of
airspace. An additional function was for
the organization to give broad planning and
research assistance in connection with the
nation's airports and air transportation
planning. Policy guidance in the Federal
Aviation Act is broad and primarily aimed at
the development of a safe and economically
sound air network. Because of the nature of
flight, it is impossible to have state or
local regulation. For this reason, Federal
Aviation Regulations (FAR's) have been is-
sued through the FAA in the interest of air
safety. The most important of these FAR's
include Part 61 (Certification: Pilots and
Flight Instructors), and Part 91 (General
Operating and Flight Rules). Part 61 pre-
scribes the requirements for issuing pilot
and instructor certificates and ratings, the
conditions under which those certificates
and ratings are necessary, and general rules
applicable to them. Part 91 presents the
regulations governing the operation of air-
craft within the United States (ref. 3-10).
Table 3-4 notes those regulations most ap-
plicable tO airships.
3.2.3.4.2 THE CIVIL AERONAUTICS BOARD
If utilized for freight or as a common
carrier, the airship would be subject to CAB
regulation. These regulatory functions com-
menced in 1938. This agency has a unique
dual mission of both regulation and promo-
tion of air transportation. CAB regulates
the routes to be flown as well as the air-
ports that make up the stages in the route
structure. At present, the CAB has no spe-
cific regulations which cover airships.
3.2.3.4.3 OTHER REGULATORY AGENCIES
Other agencies which have some influ-
ence upon the development and operation of
the airship are listed in the following
paragraphs. Only the most relevant organi-
zations were chosen for discussion.
National Transportation Safety Board.
The NTSB is responsible for matters of
safety in the aircraft industry. One of
the most important responsibilities is to
investigate crashes and report the findings
to the FAA and others. After each crash,
the NTSB goes to the site of the accident
and retrieves the flight recorder (the tape
recordings of the cockpit area conversa-
tion). The other device retrieved is the
Digital Flight Data Recorder, which retains
TABLE3-q
FEDERAL AVIATION REGULATIONS APPLICABLE TO AIRSHIPS AND CREWMEMBERS*
FAR
Number Title
1
23
25
33
36
61
63
65
91
103
121
Definitions and Abbreviations
Airworthiness Standards: Normal, Utility, and Acrobatic
Category Airplanes
Airworthiness Standards: Transport Category
Airworthiness Standards: Aircraft Engines
Noise Standards: Aircraft Type Certification
Certification: Pilots and Flight Instructors
Certification: Flight Crewmembers Other Than Pilots
Certification: Airmen Other Than Flight Crewmembers
General Operating and Flight Rules
Transportation of Dangerous Articles and Magnetized Materials
Certification and operations: Domestic and Supplemental Air
Carriers and Commercial Operators of Large Aircraft
*FAR's may be purchased from: Superintendent of Documents
Government Printing Office
Washington, D.C. 20402
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a record of technical data during flight.Thesedata include suchitems as:
i. enginethrust,
2. air speed,3. altitude andheading,
4. vertical acceleration,
5. roll andpitch, and6. angleof attack.
Basedon all the crash findings, the NTSB
publishes a public documentwhich includesgraphs, photos, andreco_nendationsfor im-
provementswhichwouldhelp prevent futuretragedies.
Air Transport Association. This group
is the aircraft industry's trade associa-
tion. Membership of the ..... _-_
_ _A_ _v** con-
stitutes one of the larger lobby groups in
Washington. In 1938, their efforts helped
establish the Civil Aeronautics Board. The
ATA consists of 24 active members represent-
ing major airlines in this country. There
are two associate members representing the
Canadian Airlines°
3,2,3,5 PROFESSIONAL ORGANIZATIONS
Of all the specialized organizations
in the aircraft industry, two seem to be the
most significant for this study. They are
the Air Line Pilots Association (ALPA) and
the Aircraft Mechanics Fraternal Association
(AMFA).
Air Line Pilots Association. ALPA rep-
resents about 37,000 commercial pilots of
all classifications in the United States.
There are 35 airlines represented; other
pilots' associations exist which are not as
large in terms of total membership. This
association, like the ATA, is active in
legislative affairs. Passage of anti-
hijacking legislation is attributed to this
pilots' organization. When new aircraft are
introduced, ALP?° committees are formed to
test the design and safety features. For
example, a "747" committee was established
when it was introduced in the market. Simi-
larly, if an airship were to be designed and
introduced, an ALPA committee could contri-
bute significantly to any refinements in de-
sign and safety features.
Aircraft Mechanics Fraternal Associa-
tion. AMFA is an organization composed of
about 8,000 aircraft mechanics. The group
is also concerned with aircraft safety;
their latest concern is promotion of air-
carrier maintenance procedures with the FAA.
3,2,3,6 AIRSHIP INSURANCE
Two types of insurance must becon-
sidered before any airship can be operated
on a commercial basis--hull insurance and
liability insurance. Little information was
available from insurance firms about rates
for a proposed airship plano Airships owned
by the Goodyear Tire & Rubber Company are
insured by the Aviation Underwriters Asso-
ciation for the value of the hull. This
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rate, 4.5¢/$1,000/year of hull value, was
established based on experience over 25
years of safe operation. For liability,
there is a $i0,000,000 policy in effect
wherever the airship operates.
Air carrier liability is changing with
the complexity and nature of services pro-
vided. Limitations of liability are numer-
ous and have been established by precedent
court cases. For example, the carrier is
generally held responsible except under
five classifications:
i. War-hostile acts or acts of God,
such as floods, tornadoes;
2. acts of public authority, seizure
or quarantines;
3. acts of the shipper, goods not
marked or packed efficiently;
4. inherent dangers in goods (live-
stock fighting, molasses ferment-
ing);
5. riots or strikes. (Ref. 3-6, pp.
108-110.)
3,2',3,7 AIRSHIP CERTIFICATION REQUIREMENTS
Procedures for certifying any aircraft
are prescribed by the FAA. Airship certifi-
cation procedures would be similar to those
applied to any aircraft. First, all design
and manufacturing data would be submitted
to the engineering section of the FAA. Af-
ter reviewing all documentation, preliminary
approval would be given to construct the
vehicle. Since the FAA has standard air-
craft specifications pertaining to such
things as types of rivets, dope, layers of
fabric, etc., care must be taken to assure
conformity. After the airship is finished,
the FAA would again inspect the vehicle to
determine conformity to submitted specifi-
cations. Finally, the airworthiness, safe-
ty, and operating procedures for the vehi-
cle would be agreed upon and finalized.
3,2,3,8 CERTIFICATION FOR PILOTS
Part 61 of the FAR's includes certifi-
cation for pilots and flight instructors.
Part 61.117 describes the lighter-than-air
rating with regard to necessary experience.
3.2.3.8.1 PRIVATE PILOT CERTIFICATE
An applicant for a private pilot cer-
tificate with a lighter-than-air category
rating must have at least the aeronautical
experience appropriate to the rating sought
prescribed in paragraph (a) or (b) of this
section. For airships, a total of 50 hours
of pilot flight time is required. At least
25 hours in airships including five hours of
solo or an equivalent amount of time per-
forming the functions of airship command
pilot are required.
3.2.3.8.2 COMMERCIAL PILOT CERTIFICATE
An applicant for a commercial pilot
certificate with an airship rating must have
a total of at least 200 hours of flight time
as pilot, including:
ri. 5_ hours of flight time as pilot in
a_rships;
2. 3_ hours of flight time, perform-
ibg the duties of pilot in command
i_ airships, to include:
a_ i0 hours of cross-country
L! flight,
bl i0 hours of night flight;
3. 40 hours of instrument time, of
which at least 20 hours must be in
flight with 10 hours of that time
in airships.
3.2.5,9 LEGAL IMPLICATIONS
There seem to be few legal problems
which would hinder airship development
alongside other existing modes of transpor-
tation. The only possible problem seems to
be in the area of noise. If airships are
to operate successfully, especially over
suburban areas and national parks (see Chap-
ter i0), they should have very low noise
levels.
Once plans are formulated for an air-
ship or fleet of airships, the engineering
section of the FAA would have to approve
airworthiness and other engineering stand-
ards for the industry. Once in operation,
the CAB would approve routes and rate struc-
tures to be utilized for scheduled and non-
scheduled cargo missions.
The role of rules and regulations in
the development of airship systems is indi-
cated by a flow diagram in Fig. 3-8.
FONDII_ _THOD API_OVED I
1
I i
I
O_JLATI_IALAI!!_tIP I
CABI_TAI_LI$1"_SIIOOTE$ANDI
I lql_L LTA_I_ITATI_ !
FIGURE 3-8
LEGAL ROLE IN AIRSHIP DEVELOPMENT
3.2,4 ENVIRONMENTAL CONCERNS
3,2_-I, 1 . INTRODU CT ION
The quality of our environment in the
urban areas of the nation is deteriorating
with the continued use of present transpor-
tation systems. The Environmental Protec-
tion Agency, acting under the authority
granted the agency by the "National Environ-
mental Policy Act of 1969," has developed
air pollution levels to be attained in each
urban area by 1977. These proposed levels
require significant reductions in motor
vehicles and industrial emissions in these
areas. In Los Angeles, one of the critical
areas, it has been estimated that to meet
the 1977 criteria, an 80 percent reduction
in vehicle miles traveled must be attained.
This level of reduction in the given time
frame is considered by many people to be un-
reasonable. However, there is no question
that our future transportation system must
be designed with such reductions as top pri-
ority.
All transportation systems today are
plagued with environmental problems that are
of serious concern to the public. In our
endeavors to provide safe, economical trans-
portation of people and goods, we have cre-
ated systems that are noisy, air polluting,
and wasteful of energy.
Present air transportation requires
substantial amounts of urban land for air-
ports. The newer, larger planes are requir-
ing airport extensions or construction of
complete new airports at new locations. The
operation of aircraft in landings and take-
offs at older airports over populated urban
areas has caused many problems in recent
years due to increased traffic volumes and
noise.
The advent of new high-powered jet air-
craft has increased operational noises in
the vicinity of our airports to the extent
that many cities are abandoning old airports
that are now surrounded by residential
neighborhoods and moving to new locations
many miles from the urban population. Nota-
ble examples are Washington, D.C.; Houston,
Texas; Louisville, Kentucky; Kansas City,
Kansas; and others. Another approach open
to cities when the noise level reaches cri-
tical levels is the condemnation and pur-
chase of housing falling within the recom-
mended "clear zones" at the end of runways
and, in some cases, housing in adjacent
residential areas parallel to the runways.
This is the only way some airport operations
can be modified to meet EPA noise restric-
tions.
Moving the airport may be more economi-
cal with respect to land purchase or damages
paid to land owners adversely affected; how-
ever, the overall economic cost may be tre-
mendously expensive to the public, due to
land removed from tax rolls, etc. Cargo
handled by aircraft must be trucked from the
airport to city destinations in most cases.
Moving the airport to remote areas obviously
increases these trucking distances. This
additional ground transportation is costly
from pollution, energy, and dollar stand-
points.
28
Not movingmayleave the airport in the
mostattractive location with respect togroundtransportation; however,the concen-
tration of all air cargo traffic in one
location will continue to concentrate the
truck traffic and accompanying air pollution
in one area of the city.
The airship has the potential to offset
many of the above adverse consequences of
present transportation systems. Airships
can operate at smaller airports in urban
areas and can operate possibly without the
noise problems associated with regular air-
Graft. The air pollution factors, both from
_he airship and necessary ground transporta-
tion would be substantially reduced.
An attempt at solving transportation
problems without considering the total trip
involved would be an unfortunate attempt in-
deed. Design of any transportation system
must include an evaluation of the entire
origin to destination or "portal to portal"
trip. Too often only the "line haul" por-
tion of a trip is examined, omitting concern
for the collection, distribution, and ter-
minal system. When considering the airship
potential, the apparent ability to either
eliminate or substantially reduce the col _
lection and distribution systems by use of
smaller, decentralized airports or pickup
and delivery at the factory is an obvious
plus factor. The accrual of the total bene-
fits to be gained from this advantage, in-
cluding the social, environmental, and eco-
nomic benefits, must be considered.
• Utilization of small airports that now
exist in many urban areas as terminals for
airships would permit an economy of scale.
The large truck-tractor combinations now
used at major airports, harbors, and truck
terminals could in many cases be replaced by
the delivery truck. Commodity delivery
would be more efficient. This type of oper-
ation would also permit decentralized em-
ployment, with accompanying dispersement of
work trips, etc.
The economics of environmental protec-
tion have been the subject of considerable
debate. One reference states the following:
Our national income accounting
does not explicitly recognize the
cost of pollution damages to health,
materials, and aesthetics in the
computation of our economic well-
being. Many goods and services
fail to bear the full costs of
damages they cause from pollution
and hence are underpriced. (Ref.
3-9.)
This statement identifies one of our
major problems when considering the feasi-
bility of any project. Project justification
has.historically been on the basis of eco-
non_cs, revenue versus income relationships,
utilizing current dollar value. In our
present society this approach is not ade-
quate. It fails to recognize our changing
value systems, especially in the areas of
redistribution of income and environment.
There are those who feel that the only way
to evaluate any variable is to reduce it to
a dollar value. However, air pollution,
water pollution, destruction of plants and
animals costs cannot easily be expressed in
dollars. When they are, the costs usually
relate to an estimate of cleanup in order to
comply with Environmental Protection Act
(EPA) regulations. Presently this agency
assumes total cost to consist of the follow-
ing:
i. costs of pollution that has already
occurred,
2. costs incurred to meet new regula-
tions,
3. costs of providing control for new
regulations.
The federal report entitled Environ-
mental Quality (ref. 3-9) further discusses
environmental economics as follows:
Expenditures to improve environ-
mental quality are an investment in
the quality of life. As with simi-
lar investments in education, the re-
sults are not immediately available
as profits or growth in the Gross
National Product. Nevertheless these
investments can reap great dividends.
Like any reallocation of re-
sources, the investment to achieve
environmental quality will bring
about short-run adverse impacts, i.e.,
higher prices, temporary unemploy-
ment, and plant dislocations. Matched
against these negative results are
the investments dividends, such as
decreased health bills, increased rec-
reational opportunities, diminished
damage to materials, and better main-
tenance of the ecological balance
necessary for human survival.
This same report also addresses such
problems as the pollution in our national
parks.
Man's increasing impact on the
beauty, primitiveness, and tranquil-
ity of the National Parks has
brought the country face to face
with the need to protect the ideal
born i00 years ago around the camp-
fire at Yellowstone. The goal to
make the parks available to all--
to enrich and educate an urban soci-
ety on its natural heritage--con-
flicts with the goal of preserving
the parks in a pristine state. The
solution to this dilemma will demand
a high level of creative management.
To do less may result in unnecessar-
ily roping off the parks to many
Americans or to see them further de-
teriorated from overuse.
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Anotherstatementfrom the samesource
states:
In manyparks, visitors' use can
be expandedwithout damaging the en-
vironment by using buses or other
forms of mass public transit.
In Grand Teton and Yellowstone, fringe
area parking and mass transportation are be-
ing used to reduce environmental damage to
the parks (ref. 3-9).
3,2,4,2 SPECIFIC ENVIRONMENTAL REQUIREMENTS
Specific regulations with respect to
environmental subsystems are outlined below.
3.2.4.2.1 NOISE
The FAA is granted extensive authority
by Federal law to control use of aircraft
and airspace. This limits municipal control
over such items as noise. The limits of
municipal authority involving noise levels
at airports are still being argued in court.
The noise levels involved with our
transportation systems are becoming more and
more of concern to the people living and/or
working near these noise sources. A Depart-
ment of Transportation publication (ref.
3-10) provides the following information on
noise measurement. Sound levels are mea-
sured by a meter in units called decibels
(dB). The human ear is such that this
doesn't always correspond to relative loud-
ness or annoyance. Different scales have
been developed for specific noise sources
for better evaluation. A unit designated
EPNdB which weighs the sound pressure of the
various frequencies of a noise, adds correc-
tions for annoying tones and sound durations.
The unit dB(A) is a scale similar to EPNdB
developed specifically for surface transpor-
tation. The difference between them is ap-
proximately a constant 13 dB, i.e., (EPNdB
- dB(A) = 13 dB). Fig. 3-9 illustrates the
comparisons between several noise sources
using the two scales. In the vicinity of
major airports the noise problem has reached
a point where to reduce the noise level to
an acceptable level during night hours, con-
troversial measures such as simultaneous
takeoffs and landings in the same direc£ion
on parallel runways have been implemented.
New aircraft must meet strict FAA regu-
lations concerning noise. As a result of
the attention to the problem and application
of advanced technology to aircraft design,
the newest jumbo aircraft, the DCI0 and
LI011, have noise levels at takeoff and ap-
proach significantly reduced from older air-
craft (see Fig. 3-9, 3-10, 3-11, and 3-12).
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3.2.4.2.2 AIR QUALITY
The Federal Clear Air Act establishes
air quality standards for six of the most
prevalent air pollutants: particulate mat-
ter, sulfur dioxide, carbon monoxide, hydro-
carbons, nitrogen dioxide, and photochemical
oxidants.
3.2.4.2.3 WATER AND SOLID WASTE
Solid waste disposal control is primar,
ily left to local authorities under state
laws.
Water quality is being strictly con-
trolled in most states. Discharges into
streams as well as activities near streams
that could cause silt or foreign material
flow in case of rain are __A w==_
water, oil, and fuel are types of waste that
cannot be discharged into streams or ponds
without treatment.
3,2,4,3 ENVIRONMENTAL IMPACT OF AN AIRSHIP
SYSTEM
3.2.4.3.1 INTRODUCTION
The proposed airship fleet impact on
various environmental subsystems analyzed
used a matrix with the subsystems on one
axis and the individual airship operations
on the other axis.
This matrix is given in Fig. 3-13. It
identifies the broad areas of potential air-
ship impact, both positive and negative, on
numerous subsystems that constitute our
total environment. This is not intended to
be a design impact statement for a specific
location but a more general planning impact
statement; therefore, specific information
concerning species of wildlife, types of
vegetation and particular types of streams
or bodies of water are not addressed. The
following material discusses the concerns
and benefits indicated in the matrix.
3.2.4.3.2 AIR QUALITY
The propulsion and thrustor units of
the proposed airships must be designed to
meet emission requirements of the Environ-
mental Protection Act. The emissions to be
controlled are particulate matter, nitrous
oxides, hydrocarbons, and carbon monoxide.
Engines in the Phase I and Phase II
airships are turboprops. These operate on
the Brayton cycle. Boeing Vertol (ref. 3-
12) presents data indicating that this cycle
has lower emissions than current Diesel and
gasoline engines. The reference also shows
that the Rankine and Stirling cycles do bet-
ter on emissions. However, Rankine cycle
engines (steam) are too heavy for airship
application and Stirling engines are not
well developed. The thrustors utilized
eject air only and therefore do not contri-
bute to air pollution.
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FIGURE 3-13
ENVIRONMENTAL IMPACT MATRIX
Airship operations are proposed for
several types of areas: existing airports,
new facilities designed specifically for
airship operations near urban areas, or
airship terminals in industrial areas. In
the latter two cases the existing zoning
and air quality regulations will influence
if not determine the location of the facil-
ity.
The fuel storage and refueling opera-
tions at terminals must be properly con-
trolled to reduce hydrocarbon emissions.
Fueling and storage of fuels will be
conducted in a manner to meet current safety
regulations. Cargo handling, cleanup, and
maintenance procedures for the airship oper-
ations must be designed to meet all current
air quality regulations.
Trucks and auto traffic into the air-
ship operations area will directly affect
the amount of pollutants in the air; how-
ever, because of the size of the operations
it is not anticipated that these additional
vehicle operations will be detrimental.
Helium leaks from airships at an ex-
tremely slow rate and is an inert, color-
less, odorless, lighter-than-air gas. No
resultant adverse air quality affects are
expected either at terminals or during air
operations.
3.2.4.3.3 WATER QUALITY
Airship operations will affect water
quality during cargo handling, fueling at
terminals, and waste disposal. Sewer facil-
ities for liquid waste and treatment facil-
ities for fuel and grease lost during main-
tenance will be provided as a part of ter-
minal construction.
Minor effects of engine emissions on
natural bodied water along routes of air
operations are anticipated. Emissions will
be dissipated over a wide area before actual
contact with water when the airship is at
its operational altitude.
3.2.4.3.4 LAND USE
Airship landing and takeoff, terminal
locations, truck and auto traffic serving
the airship will have effects on land use.
The vertical takeoff and landing fea-
ture of the LTA airship reduces land re-
quired for air terminals.
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In areas where new LTA operations sites
are to be established, the quality of local
life will be protected by zoning and other
land use controls. Buffer zones will be de-
veloped between the LTA operation and adja-
cent land.
Surface transportation serving LTA
operations must bean integral part of trans-
portation planning to ensure acceptable
levels and locations of service roads and
railroads in a given area. The dispersal of
terminal locations could reduce traffic den-
sities compared to those around current air
transport terminals.
3._.4.3.5 STREET USE
location, type and magnitude of cargo, and
truck size. Street use should be a part of
land use planning. The use of airships will
provide a means of reducing street loads,
i.e., the use of several fringe terminals
instead of concentrating all activity at a
single heavier-than-air airport will de-
crease localized high traffic densities.
3.2.4.3.6 VISUAL IMPACT
Due to tne extremely large size of the
LTA vehicle, there will be a visual impact
during takeoffs, landings_ and terminal
operations. The reaction to this impact by
wildlife, residents in the area, and those
along the air routes is not completely known.
The experience of the past indicates some
domestic animals, specifically turkeys, (See
section 3.2.5.3.9) affected by airships
passing overhead. The operation of the
Goodyear airships has not created any known
problems for other wildlife. Any potential
adverse effects can be eliminated by proper
planning o_ flight altitudes and routes.
3.2.4.3.7 AIRSPACE
Operations of airships will require
that airspace be regulated in the vicinity
of LTA terminals. This would be true es-
pecially if existing airports are used.
Airship operations will require a careful
review of existing flight regulations.
Modifications may be needed to reduce poten-
tial conflicts between regular aircraft and
LTA vehicles. Takeoff and landing tech-
niques are entirely different for each mode.
The airship can develop VTOL capability
whereas most aircraft cannot. Careful route
planning will be needed for an LTA carrying
heavy loads external to the ship (See Appen-
dix D).
3.2.4.3.8 LOCAL GROWTH
Growth on a localized basis would re-
sult from LTA vehicle operations. Where new
terminals or use of existing airports are
proposed, growth could be induced in the im-
mediate area to support the operation. This
produces higher employement but also in-
creases the burden on the local environment
due to population increases.
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3.2.4.3.9 ECOLOGY
LTA operations could affect wildlife
and vegetation in the areas near terminals
and maintenance facilities. Operations at
existing airports should not increase this
problem. However, when a new LTA terminal
is constructed, there will be an adverse im-
pact on wildlife and vegetation in the imme-
diate area.
Airship operation will affect the ecol-
ogy in the vicinity of the routes through
engine emissions and noise. Visual impact
also seems to be a concern. Conversations
with Goodyear blimp pilot indicate that
the sight of an airship "drives turkeys
wild."
3.2.4.3.10 NOISE
Noise has been discussed previously
(See section 3.2.4.2.1). The airship, be-
cause of its inherent buoyancy, operates
differently from a regular aircraft. Except
when hovering to transfer cargo, very little
no_se producing engine power is necessary.
Noise during hovering may be a major prob-
lem. The airship and the load-unload system
must be designed to alleviate this potential
difficulty.
3,2,5 SOCIOLOGICAL IMPACT
3,2,5.1 INTRODUCTION
Airship missions have numerous conse-
quences for the socioeconomic system. In
this section, these consequences will be
discussed in general; the specific impacts
of the various missions are detailed in
Chapter 10. History is examined when neces-
sary to shed light on these problems. These
difficulties are set in a sociological con-
text, i.e., the solutions affect groups in
society.
3,2,5,2 PERSPECTIVE ON AIRSHIP SAFETY
3.2.5.2.1 HINDENBURG SYNDROME
NO extensive civilian use has been made
of the airship since the late 1930's. Dur-
ing the first four decades of this century,
a number of spectacular airship crashes
caused loss of public faith in the airship
as a safe vehicle. The most dramatic of
these crashes was, of course, the Hindenburg
crash at Lakehurst, New Jersey, in 1937. As
a result, members of the Design Team felt
that there still might exist a negative at-
titude toward airships.
As a part of technology assessment it
was necessary to attempt a determination of
the degree to which a Hindenburg syndrome
exists. If a negative image of the airship
really remains in the mind of the public and
Congress, it would be impossible to generate
Federal funding for research and development
or to gain public acceptance of the airship
as a viable means of transportation.
A reviewof the major causesof airship
crashesindicates that the Hindenburgcrash
wasan atypical crash. While the Hindenburgdisaster wasthe result of using hydrogenas
a lifting gas,mostother aircraft crashes
wereassociatedwith windandweathercondi-
tions. As Table3-5 indicates, mostnon-
rigid airship losseswererelated to violent
weatheror landingproblems.
TABLE5-5
CIVILIAN AND NONHOSTILE MILITARY
RIGID AIRSHIP ACCIDENTS
(ref. 3-15)
SHIPS
ACCIDENT CAUSE
LOST
Burned in shed 13
Handling and flying accidents:
Coming out of shed 3
Burned on the ground 3
Landing 15
Burned in flight 7
Failed structurally in flight 3
Lost in storms 16
6OTOTAL
These data for both airship types indi-
cate that structural failure was not a major
problem. Ground handling and landing prob-
lems presented a far greater threat to the
destruction of the airship.
Airships of the configurations proposed
in this report would have the advantages of
computerized avionics and the capability of
thrust vector control. This would give the
airship ability to take off, land, and dock
with a degree of control previously impossi-
ble. Most of the problems encountered by
previous airships could be solved by the ap-
plication of modern technology related to
structures, control, and operation.
While rational analysis suggests that
a safe airship transportation system is
technically possible, there is no assurance
that the public and Congress agree. In an
effort to assess the degree to which Con-
gress and the general public regard the air-
ship as unsafe, an opinion survey was con-
ducted among members of Congress and an
available sample of college students.
3.2.5.2.2 CONGRESSIONAL SURVEY
Three questions in the survey described
in section 3.2.2.1 were related to airship
safety. Congressional responses to these
three questions are presented in Figure 3-14.
The overwhelming majority of the respondents
to these questions feel that the airship is
safe. Even though many of these respondents
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are old enoughto rememberthe Hindenburg
crash, they do not think that the Hinden-
burg accident is indicative of the safety
of the airship per se. Thereappearsto be
confidenceamongthe Congressionalrespond-
ents that moderntechnologycandevisean
airship safe enoughfor commercialuse.
3.2.5.2.3 STUDENTSURVEY
Theairship attitude surveywasalso
administeredto 318studentsattending two
large southwesternuniversities. Students
weretold that the surveywasrelated to a
systemsengineeringfeasibility study. They
werenot providedwith any information about
past, present, or proposedairships. Re-
sponsesto questionsrelated to airship
safety are presentedin Fig. 3-15. Somewhat
surprisingly, studentsare less confident
aboutthe safety of airships than are Con-
gressional respondents. However, a deci-
sive majority of the student respondents are
in agreement that the airship is safe enough
for civilian passenger service and that the
Hindenburg accident is not proof that the
airship per se is unsafe. Apparently, the
relatively large undecided response resulted
from the fact that many students had never
heard of the Hindenburg airship.
Taken together, the student and Con-
gressional surveys indicate that there is
very little concern about the safety of air-
ships among those surveyed. This suggests
that a Hindenburg Syndrome which could in-
hibit the modernization of airship tech-
nology does not exist.
3,2,5,3 IMPACT ON INDUSTRIAL AND EMPLOYMENT
TRENDS
A major socioeconomic problem in em-
ployment is that new technologies such as
the airship can create or decrease employ-
ment and/or cause employment shifts. The
airship transportation system would compete
mainly with trucks and trains, but the
amount of business which can be realistic-
ally projected for the airship would not re-
duce overall employment in either the truck
transporation industry or the railroad in-
dustry. The amount of cargo (commodities
and mail) that the airship transportation
system would account for would be less than
one percent of the total cargo moved by
truck and rail. Such a small share of the
market will cause little or no displacement
of employed workers.
Unscheduled missions envisioned for the
Phase I and Phase II airships would have a
small impact on existing employment. Many
of the tasks suggested are either not being
handled currently or are being handled less
than adequately by present transportation
systems.
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The airship would generate almost no
displacement in the economy and would add
several hundred jobs. It appears that the
overall economic impact of the airship
transportation system would be positive.
Little, if any, unemployment would result
from reintroducing the airship.
If there is a relatively small economic
impact on existing modes of transportation,
one would not expect vigorous resistance
from existing modes of transportation or re-
lated vested interests such as equipment
manufacturers and unions. It is possible
that these companies and unions would co-opt
the emerging industry. In other words, one
might expect the major transportation com-
panies to become airship owners of the
future.
3,2,5,4 ENHANCED TECHNICAL CAPABILITIES
Another sociological concern is the
technicai capability of society.
The use of airships to move heavy and
outsized loads would enhance industrial de-
sign capabilities in several areas. Utili-
zing airships to move centrally constructed
modular housing units would have a major im-
pact on modernizing the housing industry.
Utilizing airships to move petrochemical
plant components, electrical generators, and
other extremely heavy or outsized industrial
equipment would give the designers of such
equipment greater design flexibility. Since
such equipment is now moved primarily by
truck or rail, designers are constrained by
the width of the roadbed and height of
overpasses and other overhead obstructions.
3,2,5,5 CONCLUSION
Numerous benefits would accrue to soci-
ety if an airship transportation system were
to be integrated into the transportation
system of the country. There is apparently
less resistance to the modernization and
the development of an airship transporta-
tion system than was initially assumed by
researchers. There would be almost no dis-
placement of workers or capital in the es-
tablished transportation industries, an
important factor for the successful imple-
mentation of any new system which might re-
quire Federal funding to become a reality.
Not only is the airship a beneficial concept
in that it does not displace a substantial
amount of employment, it also offers tangi-
ble social benefits without entailing sig-
nificant social costs.
3,3 SUMMARY
Support for the airship can be expected
from the Congress. The Civil Aeronautics
Board and the Federal Aeronautics Adminis-
tration must develop necessary routes and
operational regulations.
Large national and international cor-
portation unions will take steps to ensure
their involvement in governmental policy
making related to the airship systems.
Environmental factors are not expected
to inhibit the development of an LTA trans-
portation system. The system itself offers
the potential for eliminating large concen-
trations of cargo at central terminals by
bringing the freight carried by air closer
to its final destination. This would reduce
concentrations of truck traffic, noise, and
air pollution where large central terminals
now exist. From an energy viewpoint, the
airship would be better than airplanes; for
the Phase II airship, better than trucks,
but not as good as rail, water or pipeline
transport.
It appears that the development of an
airship transportation system would generate
substantial social benefits at minimal
costs. Contrary to initial assumptions,
neither the Congress nor the general public
has a negative attitude concerning the air-
ship per se. The socioeconomic impact of
developing an airship transportation system
would be positive. There would not be any
significant socioeconomic dislocation within
existing industries and several hundred per-
manent jobs would be created. When airships
are utilized to move outsized industrial
equipment, industrial designers would have
a significantly greater degree of design
flexibility--a benefit to society related to
economy of scale.
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4,1 INTRODUCTION
The airship operations experience of
the past, both military and commercial, will
be the base upon which future operational
procedures will be built. In order to have
a viable airship transportation system,
particular attention must be given to cost
sensitive areas such as flight crew size and
ground handling crew size. Ground equip-
ment development for any aircraft system is
costly. Any system which does not provide
adequate ground equipment, however, will
fail.
Full advantage must be taken of state
of the art in avionics, materials, and
weather forecasting systems. Since there
will be little possibility of using flight
crews with past airship experience, it will
be necessary to train new flight crews using
simulators. Training of maintenance tech-
nicians will not present a problem.
4,2 GROUND OPERATIONS
4,2,1 HISTORICAL
For the purposes of this study the his-
torical review of ground handling equipment
developed for airship operations will be
limited to that developed and in use for
rigid airship operations in the 1920-1940
period and for nonrigid operations in the
1940-1962 period.
The British developed the first high
mast,36.6 meters (120 feet), for mooring
rigid airships at Pulham in 1919, ref. 4-
i. Flying moors to the mast were made as
well as static takeoffs directly from the
mast. The U. S. Navy operated from high
masts on the U.S.S. Patoka, airship tender,
as well as at NAS Lakehurst.
In 192_ the U. S. Navy first operated
the U.S.S. Los Angeles from a low mast 18.3
meters (60 feet). A wheel was clamped to
the aft power car of the Los Angeles to
serve as a "riding out" wheel while at the
low mast. The Los Angeles was operated
from low masts erected at Parris Island,
South Carolina; Guantanamo Bay, Cuba; and
Panama.
In 192_ a telescopic mast with a tri-
angular base mounted at the corners of three
crawler treads was put into service for
docking and undocking the Los Angeles.
Docking rails and trolleys together with
manpower tended the stern of the airship
while the mobile mast handled the bow.
In 1931, a railroad type mobile mast was
completed at naval air station Lakehurst
for use with the Akron and Macon. The rail-
road type mobile mast was used in conjunc-
tion with a stern beam mounted on a rail-
road riding out circle. This mast was also
used with docking rails and trolleys for
undocking and docking operations.
Prior to World War II, mobile masts,
mounted on rubber tires and towed by
tractors, were developed for nonrigid air-
ship operations. Mobile masts as well as
air transportable "stick" masts were used
extensively in advance base operations
through World War II.
Expeditionary type stick masts were
used where the upper section of a mast,
approximately 2.5 meters (8 feet), was
flown into an advance base and available
materials (guywires, anchors, poles, etc.)
were used to erect the mast.
Mechanized 9_ound handling vehicles
became available for U. S. Navy nonrigid
airship operations in 1957. Two types
were developed--a heavy duty vehicle
designated as MC-3 and a light duty vehicle
designated as MC-4. The vehicles became
known popularly as ground handling "mules".
Constant tension winches were mounted on
the mules. The maximum cable tensions for
the MC-3 Mule and MC-4 Mule were 35,580
newtons (8000 pounds) and 16,900 newtons
(3800 pounds) respectively, ref. 4-1.
During World War II portable helium
purification units were developed for use
at advance bases. The purification process
was accomplished while the airship was
"riding out" on a mast.
In the 1950's, inflight refueling and
reballasting techniques were developed.
Methods and pumping equipment were developed
to refuel from surface ships as well as
from the ground while airborne.
4,2,2 MOORING PROCEDURES
Both Phase I and Phase II systems
should be designed so that hangaring of
the airships will only be during periods
of major overhaul or when major emergency
hull repairs are required. All regular
operations would be from a low mast or
stick mast as it is popularly called.
Ideally, a hydraulically retractable stick
mast should be used. The mast and supports
should be flush with the ground when in
the retracted position. Fig. 4-1 is a
sketch of the suggested retractable hydrau-
lic mast.
Mobile masts developed ior Phase I
airships should be so designed that they
may be used as "riding out" masts. Rail-
road type mobile masts developed for dock-
ing of Ph&_e II air_hip_ _hou!d not be _e-
signed for use as a "riding out" mast.
4,2,3 UNDOCKING AND DOCKING PROCEDURES
Docking of airships should be only
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for purposes of conducting maintenance
or inspections requiring hangar facili-
ties.
4,2,3,1 PHASE I AIRSHIP DOCKING
The Phase I airship will require de-
sign and development of a tire mounted
mobile mast. The Type V U.S. Navy mobile
mast developed for the ZPG-3W nonrigid
airship is not large enough for the Phase I
airship, according to information re-
ceived from Mr. Jack Waldman of Goodyear
Aerospace Corporation in a telephone con-
versation on July 27, 1975. The overturn-
ing moment on the mast when a masted air-
ship is struck by a side gust can be shown
as approximately directly proportional to
the displacement volume. Assuming an ellip-
soid of revolution the side gust forces will
be directly proportional to longitudinal
cross-section area.
The ratio of overturning moments for
two airships will be approximately
area I bl/area 2 b 2 = a I b12/a2 b22 (4-1)
where b is maximum radius of the airship,
and a is airship length/2.
Since the volume of an ellipsoid of
revolution is (4/3) zab 2, the ratio of mo-
ments can be written as being proportional
to the volumes.
momentl/moment 2 = volumel/VOlum_ 2. (4-2)
Figure 4-2 shows the ZPG-2, ZPG-2W
and ZPG-3W airship displacement volumes
plotted versus mass of mobile masts designed
spe_ifically for these models.
From Figure 4-2 it can be seen that a
mobile mast designed for use of the Phase I
airship would have a mass of about 136,078
kilograms.
Mobile masts for Phase I airships will
be used primarily for docking and undocking.
They will therefore be located only at
hangar bases. Docking and undocking of
Phase I airships should be done using the
mobile mast together with trolleys and dock-
ing rails, as shown in Fig. 4-1.
4,2,3,2 UNDOCKING AND DOCKING
PHASE II AIRSHIPS
A railroad type mobile mast must be
used for docking and undocking Phase II air-
ships. The mast would be parked beside the
hangar. When an airship is to be docked,
the mast would run on rails to a position in
front of hangar doors. All movement of
the mast must be done on rails. The airship
to be docked must be "walked" from a nearby
landing site or transferred from a stick
mast using ground handling mules.
The docking sequence is shown in Fig.
4-3. The landing is accomplished into the
wind, where mules would probably be used
for lateral movement. In sequence number
two, the airship is rotated such that its
centerline is aligned with the hangar.
Finally, in sequence number three, the air-
ship is moved into the hangar. The Phase
II railroad type mobile mast would not
normally be used as a "riding out" mast.
4,2,4 REFUELING
Refueling of airships is done in han-
gars, at the mas_or airborne. Airborne
refueling would be done routinely for bal-
lasting to static equilibrium just prior
to a landing or a load/unload maneuver.
Airborne refueling would also include enroute
refueling for purposes of extending the
range or for managing the airship equili-
brium condition. An airship encountering
low fuel state because of adverse wind or
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weather conditions could be refuled while
airborne over land or water.
4,2,4,1 REFUELING ON GROUND
Refueling in hangars or on masts would
be accomplished using standard fuel trucks.
Fueling with a truck at a mooring circle
requires three men. The driver must man
the truck at all times and be prepared to
move with the airship as it vanes. One man
tends the hose at all times and performs
the hose connect and disconnect operations.
One man in the airship regulates fuel dis-
tribution as fueling progresses.
4,2,4,2 AIRBORNE _hFuLLING
Through the 1940's and 1950's, equip-
ment and methods were developed to refuel
airborne airships from the ground or from
sea-going vessels. The system developed
involved a fuel pump on the surface along
with a free hose which was picked up by
the airship while airborne (ref. 4-2).
The fueling was controlled electronically
from the airship. Procedures were also
developed for picking up fuel bags.
Emergency refueling of an airship
that is at low fuel state can be done with
available refueling equipment near the
airship's position. If transoceanic flights
are regularly scheduled, then it would be
advisable to develop a system of airborne
refueling using an airship as a tanker.
4,2,5 BALLASTING OPERATIONS
Ballast requirements can be divided
into two general groups, namely, flight
managemen_ and payload management. When-
ever the payload carried is less than de-
sign payload, then ballasting will be
required. This ballast could be water,
fuel, or sand and could be loaded either
on the load platform or in the airship
tetrahedron structure. (See Chapter 5
for a more detailed discussion of the load/
unload system.) Ballast for flight manage-
ment will be either fuel or water. It
will be for the purpose of fixing the
heaviness or lightness at takeoff and land-
ing for the particular mission being flown.
4,2,6 MAINTENANCE
The concept of "progressive" mainten-
ance would be used for regularly scheduled
inspections and preventive maintenance.
This system of maintenance avoids long
periods of planned airship "down" time.
4,2,6.1 INSPECTIONS
Routine inspections will be performed
on engines, structures and equipment when-
ever the airship is masted between flight
operations. Consideration should be given
to flying maintenance personnel when time
on the mast is not sufficient to permit
completion of inspections and preventive
maintenance. Some of the routine main-
tenance could be performed while the air-
ship is in flight.
4,2,6,2 ENGINE CHANGES AND INSPECTIONS
Engines will be mounted with quick
change couplings. They will be accessible
using a wheeled dolly attached to the mid-
ship structure so that it will vane with
airship (see Fig. 4-4). The dully will
carry a hydraulic lift mounted with an
enqine work platform. Access to a stern
mounted engine installation would have
to be with a mobile "cherry picker" lift.
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4,2,6,3 HYDRAULIC SYSTEM
The hydraulic subsystems for control
surface actuation, engine gimballing, winch
operation, etc., will be provided with
electric motor driven pumps located at the
site of each subsystem. Pump operation
and control of the subsystem will be done
remotely using electrical means. Access to
the control surface hydraulic subsystem will
be through the upper cover of horizontal
stabilizers. Maintenance personnel will be
able to get to horizontal control surfaces
by using the mobile cherry picker. Safety
lines running from the leading edge of the
upper vertical stabilizer to the horizontal
stabilizers would then permit access to the
hydraulic subsystem.
4,2,6,4 ELECTRONICS AND ELECTRICAL
The electronics and electrical systems
will be designed so that components may be
replaced as "plug-in" units. Field repair
of components will be performed only on an
emergency basis. The systems will be
designed so that check out of all components
can be done from the airship car.
4,2,6,5 TOPSIDE INSPECTION
Safety lines running from the bow of
the airship can be used to get men topside
for emergency inspections of the hull and
upper control surfaces. Rope ladders over
the hull as well as anchored (hull center-
line) boatswain's chairs will permit close
inspection of sections of the upper half
of the hull. Provisions should be made to
view the inner surface of the upper part of
the gas containment regions from the under-
neath side of the hull. Very small holes
can be found in this manner when the airship
is in bright sunlight. The primary purpose
of topside inspection of the hull while at
the mast will be to locate helium leaks.
Topside inspection of tail surfaces and
controls will be required on a routine
basis while masted. Most of the discre-
pancies calling for topside inspection
could not be found without close inspec-
tion by maintenance personnel. The use
of helicopters for topside inspections
is not considered to be helpful.
4,2,6,6 INTERIM OVERHAUL
Interim overhauls will be performed
in airship hangars. Airships will be
scheduled into hangars approximately once
each year. Total flight hours of opera-
tion will regulate the period between
interim overhauls although calendar time
will play some part in the scheduling.
4,2,7 AIRSHIP GROUND WATCH
During the operational life of an
airship there must be a continual "watch"
of certain changes in the airship's envi-
ronment while it is masted or in a hangar.
Changes in atmospheric pressure, tempera-
ture, and humidity as well as ice and
snow accumulation can require changes in
ballasting of the airship.
4,2,7,1 PRESSURE WATCH
A pressure airship will require pump-
ing or valving of air to maintain the de-
sign pressure as temperatures drop or
rise. Depending upon the fullness of
lifting gas space, both pressure and non-
pressure airships may go to the pressure
height condition where gas fills entire
available volume on the ground when temp-
eratures rise. Once pressure height is
reached, valving or removal of lifting
gas is necessary in order to avoid over-
pressure.
4,2,7,2 SUPERHEAT
The difference between lifting gas
temperature and ambient air temperature,
positive or negative superheat, can re-
quire changes in the ballasting of the
airship. When high positive superheat
is experienced while riding out on a mast,
pressure height may be reached, requiring
the valving or removal of lifting gas.
4,2,7,3 BALLASTING
The loading (ballasting) of a moored
airship must be continually monitored to
make certain it has the proper "heaviness"
for riding out. The "heaviness" can
change with changes in pressure, tempera-
ture, and superheat.
4,2,7,4 ICE AND SNOW REMOVAL
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Ice andsnow accumulation on a moored
airship presents a problem. Accumulation of
ice on top of the hull causes the airship
to "heel" over on its side if the accumula-
tion is too great. Snow will accumulate on
the horizontal stabilizers under certain
wind conditions. Removal of both ice and
snow from airships has been accomplished
historically using fire hoses. Equipment
developed for ice and snow removal for
large airplanes should be adapted for use
on airships.
4,2,7,5 WEATHER WATCH
When airships are moored during extreme
wind conditions, experience has shown that
it is advisable to "fly" at the mast using
engines and elevator controls. The "heavi-
ness" of the airship is particularly impor-
tant during high winds and must be contin-
ually monitored.
4,2,8 GROUND EQUIPMENT DEVELOPMENT
Much of the ground equipment developed
for earlier airship operations will be
directly adaptable to Phase I and Phase II
airship operations. Some new equipment must
be developed, however, as discussed in the
following paragraphs.
4,2,8,1 MOBILE MASTS
A tire-mounted mobile mast will have to
be developed for the Phase I airship. It
would be an adaptation of the Mark V mast
built for the U.S. Navy ZPG-3W airships.
One such mast will be required at each base
where there will be docking and undocking
of Phase I airships. For Phase II airships
railroad type masts similar to those used
with the Akron and Macon will be required.
(See Fig. 4-3.) One each will be required
at bases where Phase II airships are to be
docked and undocked.
4,2,8,2 STICK MASTS
A hydraulically operated stick mast
must be developed. The design should be
such that it can be used for either Phase
I or Phase II airships. When retracted,
the mast, as well as the guy wires, must
be stored flush with the ground. Expedi-
tionary type masts developed for advance
base operations can be adapted for Phase
I and Phase II airships.
4,2,8,3 GROUND HANDLING MULES
Initially, it would be advisable to
develop methods of handling the prototype
Phase I and II airships with ground hand-
ling mules developed for the U.S. Navy
ZPG-3W. It would be necessary, however,
to use more mules than were used on the
-3W because of the increased size of both
the Phase I and Phase II airships. For
fleet operations of the Phase II airship
particularly, larger mules would have to
be developed. The use of the smaller
mules would be a manpower intensive effort
and could not be justified on an economic
basis for a fleet of airships.
4,2,8,4 HELIUM PURIFICATION UNITS
Air and water vapor tend to diffuse
into the helium areas after long periods
of time, thus reducing the purity of the
helium. As the helium becomes contaminated,
its lifting capacity is reduced. Tradition-
ally, this has been a greater problem with
nonrigid airships than with rigid airships.
Portable helium purification units
were developed for advance base use during
World War II. Larger capacity units should
be developed for the Phase I and Phase II
airships. The contamination problem
should certainly be minimized with improved
materials and a metal skin.
4,2,8,5 ENGINE WORK PLATFORM
A dolly configured to vane with the
airship at its mooring site will be re-
quired for engine work. A Mydraulic lift
mounting an engine work platform will be
installed on the dolly. An engine work
platform mounted on a mobile "cherry picker"
will be required for servicing any tail-
mounted engine (see Fig. 4-4).
4,3 AIR OPERATIONS
The flight operations of both Phase I
and Phase II Airships will be the same.
Any differences in operating procedures will
be specifically noted.
4,3,1 LAUNCHING
Launchings will always be from a mast.
The airship will normally be vaned into
the wind. If the airship is not headed in
the desired direction at launch time, it
will be necessary for the pilot to rotate
the airship around the mast using his aft
lateral thrustors.
The airship will always be heavy while
riding at the mast. If necessary, water
ballast will be pumped aboard to compensate
for superheat. It will ride on four, multi-
wheeled pneumatic trucks. These trucks
will have full castoring wheels to accommo-
date the side to side motion of the airship
as it vanes into the wind on the mast.
The trucks will be attached near the four
corners of the main airship load frame.
They will be unlatched during launch pre-
parations so that they will pull out of the
airship structure and will remain on the
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groundat lift off.
Loadcells at the mastandat the hold-
downtrolley will indicate the trim of the
airship as it rides at the mast. (Trim
is indicated by the relative heavinessofbowto tail). Theseload cells are also
usedduring the launchingsequenceto de-
terminewhenupwardthrust is sufficientto release the airship.
Thelaunchingsequenceis relatively
simple. A groundsupervisor communicates
with the pilot via portable radio. When
they agreeon launchreadiness, the pilot
applies upwardthrust andwhenthe upwardforce, as measuredat the fore andaft
hold-download cells reachesa predeter-
minedvalue, the airship is released. The
pilot dependson longitudinal load cells
on the bowstructure to apply a sufficientforward thrust vector to overcome the
wind load.
Ideally, the ground supervisor could
launch the airship With the aid of two
men. One man would be at the mast to read
the forward hold-down load cell and to
release and lower the mast when directed.
The second man, equipped with a portable
radio, would be at the track-mounted hold-
down trolley. This second man would inform
the supervisor of the aft load cell read-
ings and would release the hold-down when
directed.
The ground supervisor may choose to
have from two to five additional men
standing by during a launch depending on
the wind and weather conditions. One or
two mobile winches might be advisable in
the event that lateral holding or movement
of the airship should be required. An
additional man might be assigned to the
riding out trucks to insure that they drop
away properly at lift off.
After rising vertically to perhaps
305 meters (thousand feet), the pilot will
make the transition to forward flight by
the rotation of his engines.
4,3.2 FLIGHT
Both Phase I and Phase II airships will
carry a crew of four for each eight hours
of flight, identified as pilot, co-pilot
and navigator, mechanic, and loading super-
visor. Flight stations assigned to each
crewman will be occupied during launchings,
landings and hovering maneuvers. During
normal flight under good weather conditions,
the airship will be flown by an autopilot.
When flown under manual control,_he pilot
will have computer assistance in sensing
and responding to motion stimuli. Normally,
the pilot will control the airship by
fingertip movement of a small "joystick".
Durin_ launchings, landings, and hovering
maneuvers, the pilot will require the assis-
tance of the navigator acting as a copilot
to perform secondary control actions and to
communicate with other members of the crew
and with ground personnel.
The pilot should also be trained in
meteorology and in the operation of all
electronics associated with airship control,
navigation and communication. The mechanic
will be a specialist in the field of
rotating machinery, particularly relating
to the main propulsion engines, the auxi-
liary power supply and the thrustor system.
His job will be to monitor the controls
and indicators that pertain to the above-
mentioned systems. The loading supervisor
is a specialist in the operation and main-
tenance of the cargo hoisting and stowing
system. During loading and unloading this
man will operate the cargo hoisting system
and will coordinate closely with the
pilot and the ground loadmaster.
The airships will have all normal
cockpit instrumentation and will, of course,
meet all FAA requirements for navigation,
communication and emergency avionics. In
addition, the airships will have controls
and instrumentation associated with the
helium and ballonet pressurization system
and those related to control of the en-
gines and the fore and aft thrustors. Both
Phase I and Phase II airships will be
instrumented with a network of strain gages
attached to critical structures. Parti-
cular attention will be given to tail sur-
faces, bow structure, and the main loading
frame. The strain gage readings could
be in the form of indicator lights in the
pilot's compartment. The pilot will
monitor this light array during rough
weather and during cargo loading opera-
tions to insure that critical airship
structures are not being overstressed. This
display may, for example, influence the
pilot's decision to switch from auto-
pilot operation to manual control during
rough weather.
In contrast to high speed airplanes,
air_hips respond to control direction very
slowly. Instead of being concerned with
response times of fractional parts of a
second, the airship pilot must wait for
seconds or even tens of seconds before
the airship responds to applied aerodynamic
surface movements or thrustor actuation.
The inclusion of a computer in the sensor/
response control loop will provide faster
response to motion-induced stimuli.
During flight the lightness or heavi-
ness of the airship is compensated for
with dynamic lift, flying with the bow of
the airship inclined upward or downward.
Usually this inclination will not exceed
five degrees. The angle of inclination can
be maintained without the deflection of
aerodynamic control surfaces or the applica-
tion of vectored thrust by changing the
longitudinal static trim of the airship.
This can be accomplished by adjusting the
relative amounts of air in the fore and aft
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ballonets.
Whenpreparingfor andduring launch-
ings, landings,andspecial operations, the
airship crewwill dilligently follow check
sheetsto insure that all systemsare
operable and that nothing has been omitted
in an operations sequence. During flight
the pilot must maintain a continuous aware-
ness of the static equilibrium of the air-
ship. The consumption of fuel is monitored
periodically; however, there are other
factors that are even more important to
static equilibrium than fuel consumption.
These factors in general relate to the
density of the air or the relative density
of_the air with respect to the density of
tne lifting gas. The four most significant
are altitude (or field elevation), air
temperature, gas purit_ and superheat.
Other density-related elements of lesser
importance that influence static equili-
brium are atmospheric barometric pressure
and relative humidity.
Rain can cause a sudden heaviness of
the airship and because of the large tail
surfaces, can cause a shift of longitudinal
trim. Snow and sleet are not as serious a
hazard to airship flight operations as
once thought.; If the Phase I and Phase II
designs both have metal hulls, as dis-
cussed in Chapter 7, then snow and ice will
be shed much more readily than the fabric
covered airships of the 1930's. A two-
year program carried out by the U.S. Navy
during the late 1950's found that accumula-
tion of snow is not a serious flight hazard
and that icihg can generally be avoided
with changes in flight altitude. It may
be necessary, however, to remove accumula-
tions of snow or freezing rain from a
masted airship. A stream of water has
proven effective for this purpose.
Airships operate at low altitudes;
therefore, they fly in and not above bad
weather. As a result of this exposure to
weather, both the pilot and the navigator
must be weather-conscious and weather-
wise. At night, radar is particularly
helpful in avoiding thunderstorms and in
finding areas of light intensity when
traversing weather fronts. During long
flights in adverse weather, an on-board
computer terminal will display weather data
and hourly cloud pattern photographs from
weather satellites. Winds circulate clock-
wise around areas of high barometric pres-
sure and counterclockwise around low pres-
sure areas. The pilot can often find more
favorable winds in flying long missions
by applying his knowledge of pressure
patterns a_ indicated cn _eather maps and
satellite photographs.
Another hazard of low-altitude flight
is collision with small airplanes. Colli-
sion precautions include radar detection
or an alarm from the onboard Proximity
Warning Indicator (PWI) instrumentation.
Special airship operating corridors as-
signed by the FAA are recommended for air-
ship scheduled flight operations. In
addition, sufficient anticollision strobe
lights should be installed to outline the
shape and size of the airship.
4,3,3 CARG_ HANDLING, FUELING
AND _ALLASTING
Cargo loading/unloading, fueling and
ballasting all c_n be accomplished in a
flight hovering mc_e (the cargo loading
system is describeo _ detail in Chapter
5). In order to accoiL ,fish inflight load-
ing, fueling, or ballast _g, the airship
must be within 61 to 91 ters (200 to 300
feet) of the ground and w _s must be
favorable. Fueling or ball _ting with
water can be successfully c.,rried out in
winds of 18 to 22 meter/sec (40 to 50 miles/
hour), since once the fuel or water line
is retrieved and quick-connected to the
airship plumbing, a considerable amount of
airship motion can be tolerated. The
loading/unloading operation requires much
better hovering control of the airship;
therefore, loading or unloading should be
restricted to wind conditions of from 4.5
to 9.0 meter/sec (i0 to 20 mile/hour) maxi-
mum. A range of wind conditions is speci-
fied since the gustiness or the shifting
of the wind is also a factor. There may
also be some types of cargo-handling opera-
tions that are more sensitive to airship
motion than others. All hovering opera-
tions will be with the airship headed into
the wind. Wind directional shifts will be
with the airship headed into the wind.
Wind directional shifts will be compensated
for by thrustor-induced rotation to main-
tain airship/wind alignment.
In preparation for a loading or un-
loading operation the pilot will perform
a simulated hover to determine the static
equilibrium and trim of the airship. This
practice hover will give the pilot a feel
for the engine settings that will be re-
quired and also for the way in which the
airship responds to the application of
thrust vector forces. Check sheets will
be used by the pilot and load supervisor
in planning and coordinating the seqUence
of steps that will be followed in the
loading operation. Radio communication
between the airship crew and ground per-
sonnel will probably be necessary in ad-
vance of the final hovering approach to
insure mutual understanding of the sequence
of steps that will be followed.
The last 20.5 meters (i00 feet) or
more of the final hovering approach for
loading or unloading will be at .9 to 1.3
meter/second (2 to 3 mile/hour) during
which time final adjustments will be made
in altitude. Primary airship control will
be by adjustments to the thrust magnitude
and direction of the main engines. Secon-
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dary or fine control adjustmentswill be
madeby the fore andaft thrustors. The
effectivenessof the aerodynamicontrol
surfacesduringhoverwill dependsolely on
the wind speed. As the loading site is
approached,the airborne load supervisor
will lower the loading frameandwill com-
municatewith the groundvia two-wayradio.
It maybe desirable to haveprovisions for
the groundcontrol supervisor to be ableto control the fine adjustmentof the ship
via the thrustors. This may be required for
precise airship positioning. This transfer
of control may not always be necessary, and
in any event, the pilot would always have
the capability to override ground control
As explained in Chapter 5, loading and un-
loading cargo always involves an exchange
of approximately equal weights--ballast for
payload or payload for ballast. Of course,
it may be desirable to pick up a few
thousand kilograms more of weight to compen-
sate for fuel consumption.
4,3,4 FUELING AND BALLASTING
Fueling or ballasting with water can be
carried out either while masted or while in
a hovering mode. When the airship returns
to base after a long flight, it will normally
be light because of fuel consumption. Be-
fore landing, the airship will hover over the
landing area (mooring mast retracted to
ground level) and a line will be dropped from
the fueling/ballasting hatch to pull up
either a fuel or water hose. The hose will
be quick-connected to the airship plumbing,
and fuel or water will be pumped aboard
until a preselected heaviness is attained.
This method is preferable to maintaining
station with engines and/or thrustors,
because of increased fuel consumption.
Since refueling will be required anyway, it
can be accomplished prior to the landing
operation.
4,3,5 LANDING
Landing and masting will be accomplished
from the hovering mode. Two handling cables
will be dropped from the bow and will be
attached to mobile constant tension winches.
The winch drivers will position themselves
on both sides of the airship to control the
lateral motion of the bow. The bow cable
or pendant will be lowered and will be con-
nected to the mast winching-in line, and
when good control is assured, the mast will
be raised. The airship will be in a some-
what tail-high attitude as the airship is
winched to the mast and locked in place.
Once the airship is secured to the mast, the
pilot will adjust vertical thrust to bring
the tail down. The four riding out trucks
will be attached to the main structural
frame as the airship settles to the ground.
Finally, the hold-down trolley which ties
the airship to the circular rail will be
attached.
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The ground handling supervisor will
require a maximum of nine men for landing
either Phase I or Phase II airships, as
follows: one man to connect the airship
pendant to the mast, to raise the mast,
and to winch the airship to the mast; two
men, each driving mobile winch vehicles;
four men to connect the four riding out
trucks; one man to assist the loading super-
visor in attaching the hold-down trolley;
and one man equipped with a portable radio
to move to the assistance of anyone as
directed by the ground handling supervisor.
As experience is gained, and under favorable
wind conditions, it may be possible to
dispense with the use of mobile winches and
to land directly to the mast.
While an airship is riding at the mast,
a water pump system mounted on castering
wheels could be attached to the rear of
the main loading frame. This piece of
ground support equipment could automatically
pump water on or off the airship to
compensate for changes in static lift which
may be caused by temperature changes, super-
heat or even a passing rain storm. The
readings from the hold-down trolley strain
gage could control the pump.
4,3,6 MISSION PLANNING
A factor that must be considered in
planning airship missions is that of main-
taining an approximate static equilibrium
throughout the flight, particularly during
launching and landing. The gross elements
that must be balanced are the buoyancy of
the lifting gas and the total weight of the
airship including the fuel and the payload.
Small deviations from static equilibrium
can be compensated for by the upward or
downward thrust of the engines or by dynamic
lift during flight resulting from a posi-
tive or negative angle of attack.
In addition to the above major upward
and downward factors, there are other
elements that affect static equilibrium
that must be taken into consideration
during mission planning. They are as fol-
lows:
I. Ambient air temperature
2. Altitude of flight or field elevation
3. Humidity of the ambient air
4. Atmospheric pressure (barometric)
5. Superheat (difference in temperature
between the ambient air and the lifting
gas)
6. Purity of the lifting gas
7. Percentage of lifting gas fullness
The first four of the above factors
relate to the density of the air. The fifth
concerns the relative density of the lift-
ing gas with respect to the ambient air.
The last two relate to the amount of lifting
gas in the airship.
A lift equation used in planning air-
ship flights takes into consideration all
of the above factors. This equation is a
modification of the lift equation contained
in the U.S. Navy Bureau of Aeronautics Rigid
Airship Manual (ref. 4-3).
L = FV/R (P-.378e) (TG-STA)/(T A - T G) (4-3)
where
L = airship lift in newtons
F = lifting gas fullness factor, decimal
fraction of _nity
V = volume of lifting gas in m3 when
the airship is 100% full
R = universal gas constant for air
P = air pressure in Newton/m2
corrected for atmospheric pressure
and elevation
e = pressure of water vapor in the air in
Newton/m2
TG = temperature of the lifting gas in °K
S = specific gravity of the lifting gas,
helium, relative to air and corrected
for helium purity
TA= temperature of the ambient air in
oK
A Worst Case Mission
The purpose of this section is to con-
sider missions with a Phase II airship that
introduce worst case situations from the
viewpoint of static equilibrium.
Each of the seven factors introduced
in the last section will be considered in
a mission so that these effects are addi-
tive. First, a flight will be planned to
produce a very light airship. The latter
case is the more critical since the con-
sumption of fuel adds to rather than sub-
tracts from the static equilibrium related
+factors.
The "Heav_" Case
The factors selected to produce maxi-
mum heaviness at landing would be as follows:
i. Air temperature - a higher air tempera-
ture upon landing than at launching
2. The landing field at a higher elevation
than the launching field
3. Humidity higher at landing than at
launching
4. Atmospheric barometric pressure higher
at launching than at landing
5. Less superheat at landing than at
launching.
The gas purity can be assumed the same
throughout the mission. For this particular
case the ballonets are assumed full at take-
off/and the helium will be allowed to ex-
pand freely as the ambient pressure decreases.
A typical worst case mission might be
a takeoff on a cold day at or near sea
level and then landing at a higher elevation
in a warmer temperature. Consider taking
off from Chicago, elevation 183 meters (600
feet), on a -6.7°C (20°F) day with a gas
temperature Df 4.4°C (40°F). Assume the
landing would be at Denver, elevation 1524
meters (5000 feet), with ambient air tempera-
ture of 15.5°C (60°F), and no superheat.
An e_aluation of the parameters in the lift
equation shows that changes in humidity and
a_mospheric barometric pressure are less
important than temperature, elevation, and
superheat. For the temperature, pressure,
and elevation changes, the ballonets are
full at launch and are empty at landing.
This makes the qas volume at takeoff equal
to 2.72 x 105 m 3 (9.6 x 106 ft 3) and the
volume at landing equal to 3.29 x 105 m3
(11.6 x 106 ft3). Helium purity was assumed
to be 95 percent. Applying the lift equa-
tion (as modified by the assumptions),
Gross Lift at Launch (Chicago)= 2.92 x
106 Newtons (326 tons)
Gross Lift at Landing (Denver) = 2.77 x
106 Newtons (309 tons),
a difference of 1.5 x 105 Newtons (17 tons).
Perhaps 2727 to 3936 kilograms (6000 to
8000 pounds) of fuel would be consumed in
the flight, but the airship would still
arrive at its destination several thousand
kilograms (pounds) heavy.
The problem then is how can a mission
planner accommodate a flight of cargo from
Chicago to Denver under these adverse
conditions? The following would probably
be considered:
I. Launch and land at times during the day
when there would be superheat in Den-
ver but not in Chicago.
2. Delay the mission until the low tempera-
ture in Chicago moderated and/or the
temperature in Denver was lower.
3. Launch as light as practical using down-
ward thrust of engines to compensate
for static lightness.
4. Land as heavy as practical using upward
thrust of engines to compensate for
static heaviness.
5. Reduce the weight of the payload and
carry water ballast that could be dumped
before landing or during the flight.
The "Light" Case
The factors selected to produce maxi-
mum lightness at landing would essentially
be the reverse of the previous case:
i. Air temperature - A lower air tempera-
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ture upon landing than at launching.
2. The landing field at a lower elevation
than the launching field.
3. Humidity higher at launching than at
landing.
4. Atmospheric barometric pressure higher
at landing than at launching.
5. More_superheat at landing than at
launching.
Launching in Denver on a warm day and
landing in Boston on a cooler day, for in-
stance, would produce about the same lift
difference as before, except the fuel usage
would be additive. For this case, the
lightness could be as much as 1.8 x 105
Newtons (20 tons).
The mission planner would consider the
following to minimize this very light condi-
tion:
i. Time the mission to depart Denver at the
coldest time of the day and to arrive
in Boston during the warmest time of
the day.
2. Using vertical thrust, launch as heavy
as practical and land as light as
practical.
3. Consider refueling while in a hovering
mode.
In many military missions during and
following World War II, airships would often
remain on station for long periods of time,
thus consuming a great deal of fuel. The
nonrigids thus were often launched heavy
and were returned to base near equilibrium
conditions. Mission planning usually just
amounted to takeoffs and landings at nearly
the same temperature conditions. For
scheduled cargo or passengers, the airships
would have to operate under a wider range of
temperatures, elevations, etc., and would
require a great deal more mission planning
than has gone into previous U. S. airship
experience.
Fortunately, the three most important
factors of temperature, altitude and super-
heat are generally not found in additive
hombinations. For example, it is generally
cold at high altitudes or elevations. Also,
if the temperature is high, there is general-
ly superheat. Finally, most of the missions
foreseen for the airship will be at low
field elevations and flown at low altitudes.
4,4 FLIGHTANDGROUNDCREW TRAINING
4,4,1 FLIGHT CREW TRAINING
AS an introduction to this section it
would be well to review the various tasks
that _ust be performed by the airship flight
crew. As discussed previously, there are
four stations that are manned: pilot,
copilot and navigator, mechanic,and load
supervisor. Each of these four assign-
ments will be descr_oed in some detail
before discussing the training needed to
acquire the necessary level of skills.
4,4,1,i CREW RESPONSIBILITIES
Pilot
The chief pilot is the airship captain.
Depending on the length of the flight, two
or three additional pilots may be required;
however, as discussed below, the navigator
is a trained pilot and is available to
serve as a pilot during long flights. The
pilot controls the airship by combining the
effects of a number of actions or conditions
as follows:
1. Static condition--relates to the light-
ness or heaviness of the airship (with
no forward motion).
2. Trim--relates to the attitude ot the
airship (whether the bow is up or down
with respect to the tail). Trim is
determined in an absolute sense when
there is no relative motion with re-
spect to the surrounding air.
3. Dynamic control--relates to controlling
the airship by applying forces, such
as those from aerodynamic surfaces,
lateral thrustors or axial thrust from
the main propulsion. The dynamic forces
needed to produce the desired control
of the airship depend upon the combined
effects of trim, attitude, static con-
dition, velocity and influences of
weather.
Copilot and Naviqator
AS mentioned above, the navigator will
be a trained pilot as well as being a
specialist in the field of navigation. The
task of the navigator is that of designing
and following the course that the airship
will fly during the mission. There are at
least two reasons why weather is more cri-
tical to the operation of an airship as
compared to the operation of an airplane:
first, the airship generally flies in, not
above, the weather; and second, winds are
of much more relative importance to airship
ground speed.
Mechanic
The mechanic will be located at a con-
sole of controls and indicators related to
the main propulsion, auxiliary power, reac-
tion Control, hydraulic, fuel systems and re-
lated subsystems and components. The primary
responsibility will be as a propulsion spe-
cialist with secondary expertise in electrical
generation and hydraulics. The mechanic will
have the tools, spare parts and know-how to
make emergency repairs while in flight.
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Loadin@ Supervisor
The responsibility of this crew member
is in the loading, stowing, and unloading of
cargo. The problem of ballast exchange dur-
ing the loading/unloading mode of operation
is a crucial one, and warrants the full
attention of a crew member.
Minor structural repairs during flight
could also be accomplished by the loading
supervisor.
4,4,1,2 CREW TRAINING
In some respects airship flight crew
training would appear to be a formidable
task since there are no existing skills in
flying large airships. There exists,
however, some flight experience with small
nonrigids, and some pilot training could be
accomplished in nonrigids of comparable size
to existing Goodyear blimps, i.e., 6000 m 3
(200,000 ft_).
The flight training could also benefit
tremendously from airship flight simulators.
These simulators would have to be developed,
but the degree of complexity would be much
less than that required for jet aircraft
simulators or those designed and used by
NASA in the manned space program (ref. 4-4).
4.4.1.2.1 INDIVIDUAL CREW TRAINING
Pilot and Navigator Training
Pilot training should start at least
fourteen months before the flight of the
first operational airship. The physical and
mental selection criteria for pilots should
be similar to the qualifications required for
military and airline pilots. A bachelor-
level colle_e degree and a private pilot's
license would be the suggested minimum
requirements.
Extensive training would be required
on the complete operation of the airship
systems including flight control, propul-
sion, auxiliary power, hydraulics, struc-
tures, gas management, load handling and
ground handling. Some flight training in
a smaller airship is recommended. Class-
room work would also include navigation
training and instruction in the use of
weather satellite data.
The final phase of training could be
accomplished in a flight simulator. A
flight simulator for airships was built by
Goodyear for the U. S. Navy in the 1950's.
Some of the sophistication developed by
NASA in the manned space programs could be
incorporated into the airship simulator, but
special environments of vibration, vacuum,
rapid acceleration, noise, heat, etc., would
not be required. Most maneuvers canbe
realistically simulated by "out-the-window"
visual displays. Airship flight configura- •
tion hardware would be used in the simula-
tor.
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Mechanic Training
The mechanic must be trained to under-
stand and operate the systems he is respon-
sible for in the airship. Much of this
training can be accomplished in the class-
room, but this job is hardware oriented,
and the initial trainees should also be
involved with the qualification and perfor-
mance testing of the airship componenta,
Some airship flight experience on a small
nonrigid is also desirable.
A great deal of system training for
the mechanic can also be done in a simu-
lator. Routine, as well as emergency
situations, can be simulated.
Loadinq Supervisor
this particular position cannot be easily
simulated. Familarization with the airship's
load/unload system, structure, and ballasting
requirements will be a necessary part of the
training, with the bulk of the learning
coming from the actual operation of the air-
ship's system.
4 .4 .I. 2 .2 CREW SIMULATOR TRAINING
Final crew training should take place
in a completely integrated airship Simula-
tor. Routine maneuvers should be performed,
using flight check sheets. All crew mem-
bers should be at their assigned crew
stations. Particular attention should be
given to the crucial areas of launching,
landing, hovering, and the masting/unmasting
operations. Emergency situations should
also be simulated.
4,4,1,3 FLIGHT TRAINING
A crew flight training course will
have to be developed during the early
flights of the first operational airship.
Documentation and check sheets will be
written and flight proven for all routine
airship operational events and maneuvers
as well as for all conceivable emergency
situations. This training syllabus will
be used during the flight training of
follow-on airship flight crews.
4,4,2 GROUND CREW TRAINING
Ground crews will be composed of both
personnel with specialized training and
semi-skilled personnel. Three areas of
training will be involved. Much of the
training for utility personnel, such as
ground handlers, will be on-the-job training.
Some personnel, such as engine mechanics,
hydraulic technicians, and electrical/
electronics technicians would require
training in ground schools of their
speciality. Their skills, learned in any
similar aircraft system, would be readily
transferable.
4,4,2,1 MAINTENANCE PERSONNEL
Most maintenance personnel will re-
ceive on-the-job indoctrination into airship
operations. Some, such as structural tech-
nicians, will require basic airship ground
school. If a technician is to train for
flight duties, it will be necessary to com-
plete air crew training. Somef0n-the-job
training in airship operation_ will be
required for all technicians. Nor_ally
technicians will have received their
specialty training before coming to
lighter-than-air.
4,4,2,2 UTILITY PERSONNEL
Airship handling will be taught on the
job. Technicians, as well as utility
personnel, will be trained in ground-hand-
ling operations. Mobile winch operators,
fuel and ballast truck drivers, and cargo
handlers will be trained on the job.
4,5 SAFETY
Design of an airship requires the same
attention to safety as the design of any
aircraft. However, operational character-
istics and size of airships introduce
safety problems which are not inherent in
other aircraft.
4,5,1 AIRSHIP CORRIDORS
It will probably be necessary to
establish airship corridors which are as
clear as possible from airways. Airships
will normally operate at low altitudes and
at slow speeds. If they are then to fly
IFR operationally it will be necessary to
provide paths or "corridors" clear of the
airways.
4,5,2 SUDDEN LOSS OF PAYLOAD
If the external cable-supported heavy
load, such as a reaction vessel,should
suddenly be dropped while in flight, some
structural failure would probably occur,
and the airship Would be subjected to very
high acceleration upward. If allowed to
rise unchecked the airship would go through
pressure height experiencing lifting gas
overpressures which could not be relieved
by design valve action. Rupture of gas
containment would then cause further struc-
tural damage.
If the crew abandoned the airship
immediately after complete loss of payload,
the airship would become an airborne
derelict, or if the lifting gas loss was
too great, it would be involved in an
uncontrolled crash. The design of airships
should provide a means of emergency re-
lease of enough lifting gas to counter the
loss of payload. Rip panels in lifting
gas containment volumes which provide the
approximate lift of the payload weight
would be one means of providing a necessary
safety feature. Countering the loss of
payload by emergency release of gas would
give the crew an alternative to abandonment.
An emergency landing or a controlled crash
could be made by the crew.
4,5,3 HULL PROTECTION FROM ROTOR FAILURE
In using turbomachinery for the air-
ship, safety dictates that provisions be
made to protect the hull against occasional
highspeed rotor failure. Protection of the
hull from rotor-failure damage will also
provide protection against hailstones and
ice thrown by the propellers. A region of
the hull surface in the vicinity of the
propellers would require additional struc-
tural protection.
4,5,4 LIGHTNING HAZARDS
The design of an airship electrical
and avionics systems should include pro-
tection against lightning hazards. Use
should be made of experimental information
such as that obtained by NASA Lewis Re-
search Center, ref. 4-5. The avionics
system should include equipment for detec-
tion of thunderstorms. Lightning protec-
tion of the moored airship will be provided
through grounding of the masts.
4,5,5 STRUCTURAL FATIGUE
Fatigue failures cannot be totally
eliminated through design. Fatigue testing
of structures can usually discover errors
in design; however, defects introduced in
manufacture and operation are difficult to
detect. The structural inspection inter-
vals are normally based on manufacturer's
recommendations, FAA directives, and past
inspection experiences. Use should be made
of strain counters, (ref. 4-5). The counters
would be used with strain-gages located
at carefully chosen positions in the air-
ship structure. The counters will record
the number of times strain at some point in
the structure exceeds preset levels. The
counter information would be used to es-
tablish inspection intervals.
4,5,6 PERSONNEL FATIGUE AND CREW OUARTERS
Intensive training with respect to
possible emergency procedures and the de-
sign of redundant and safe equipment will
eliminate most crew concerns with safety.
There is one aspect of flight operations,
however, which provides some measure of
concern for airship crews. The flying of
small aircraft has been described as "hours
of boredom interspersed with moments of
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stark terror". This phrase points to the
tendency toward crew boredom and resulting
fatigue during operations of such aircraft.
The airship is such an aircraft. It also
points to a lack of readiness for emergency
situations encouraged by the boredom.
The pilot and crew quarters should be
designed not only with a concern for com-
fort, but also with a concern for spacious-
ness. Standard operations in calm weather
will include much use of the autopilot so
that the crew can move about and relieve
the boredom. Instrument placement should
be made so that the eyes are encouraged
to move about. Galley facilities will be
standard so that hot meals =,_--Abeverages
are readily available. Toilet facilities
should be of a chemical-type similar to
present passenger airliner installations.
At their normal stations, each member of
the crew should have easy visual contact
with every other member of the crew.
The Phase II ship involves multiple
crews on longer flights. Space will be
provided for bunks and lounge facilities.
In addition, shower facilities should be
provided.
Access to the loading area would be
provided by an enclosed walkway just
above the bottom surface of the hull.
The loading supervisor would have a sta-
tion just forward of the loading area,
from which to control loading operations
with full visual contact of the load/
unload system. This station too should
be designed with concern for comfort
and adequacy of space.
The placement of the engines away
from the crew quarters on these airships
will relieve the tendency toward fatigue
engendered by engine noise and vibration.
4,6 WEATHER
Airships normally fly at low altitudes
and slow speeds. It is therefore impera-
tive that the planning of all airship opera-
tions be carefully integrated with weather
patterns and localized weather conditions.
Knowledge of prevailing wind patterns such
as shown in Fig. 4-5, taken from the Good-
year Aerospace Corporation's space shuttle
presentation to NASA in October, 1973,
would be a typical pattern utilized in
overall mission planning. Localized
weather patterns would be used for de-
tailed routing of missions.
4,6,1 FLIGHT LIMITATIONS
While airborne, airships _ust avoid
any highly turbulent air such as that en-
countered in or near cold front activity.
Unexpected high headwinds can bring on a
low fuel state requiring abort of a mis-
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FIGURE 4-5
PREVAILING SURFACE WINDS OVER THE
UNITED STATES FROM
GOODYEAR AEROSPACE CORPORATION'S
PRESENTATION TO
NASA ON SPACE SHUTTLE STUDY,
1973
sion. Aside from increased fuel usage, high
steady winds present no other major prob-
lem to an airborne airship.
4,6,2 LANDING LIMITATIONS
Although airships have been landed
in zero-zero weather in military operations
using limited navigational aids, current
aircraft minimums will be adhered to in all
operations. Winds can be a limiting factor
in a safe landing operation. Airship land-
ings would probably not be made when winds
are above 10.3 meter/second (20 knots).
Under certain conditions of gusting, shif-
ting winds, this limit could be lower.
4,6,3 LOAD/UNLOAD LIMITATIONS
The design of the vectoring system
will determine the upper limits of the load/
unload operation. The system is designed
to allow safe operations up to 7.7 meter/
second (15 knots) of wind. Visibility
minimums required for landing should be a
limiting factor for the load/unload opera-
tion.
4,6,4 TAKEOFF LIMITATIONS
Although airship takeoffs, historically,
were made in zero-zero weather, current
aircraft minimums for visibility will be
used. Takeoffs from hydraulic stick masts
will probably be limited to winds of 12.9 to
15.4 meters/second (25 to 30 knots).
This limit could be lower for gusting,
shifting winds.
4,6,5 THUNDERSTORMS
Airships should avoid thunderstorms at
all times. If it is necessary for an air-
ship to penetrate a squall line of a cold
front, radar must be used to avoid thunder-
storm cells. Penetration of a squall line
or a cold front is usually less hazardous
at sea. Typical weather maps such as
shown in Fig. 4-6, can be used for long
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FIGURE 4-6
AVERAGE NUMBER OF SUMMER
DAYS WITH THUNDERSTORMS
range mission planning. Of course, any
particular flight will have to use current
weather data and onboard radar to avoid
thunderstorms.
4,6,6 EVACUATION CONDITIONS
mize ground crew size.
5. Use of advance base maintenance tech-
niques developed with military and
commercial airships to minimize hangar
time.
With proper selection of engines and
use of gimballing, the necessary vertical
thrust is available. Some extremes of
engine vertical lift requirements are as
shown in flight plans as described in
paragraph 4.3.6.
The use of computer-controlled flight
mode and vector mode will minimize crew
sizes. In addition to thrust vector con-
trol, mechanical groundhandling equipment
and hydraulic stick masts must be used in
order to achieve the minimum ground crew
sizes.
Airships can be operated from stick
masts and under advance operating base con-
ditions for long periods of time as was
demonstrated by the U.S. Navy in its World
War II operations. The success of such
operations is dependent upon specially de-
signed ground equipment for use in main-
tenance and a satisfactory procedure for
riding out of the airship under a wide
range of weather conditions.
4-1
It should be planned to evacuate masted 4-2
airships from any area where winds are pre-
dicted to be greater than 20.6 meters/second
(40 knots). Military airships have withstood 4-3
winds greater than 36 meters/second (70
knots) while masted; however, evacuation
procedures are recommended when the winds
are excessive. 4-4
4-5
4,7 SUMMARY
There are five areas which are critical
to the operation of an airship transportation
system. Briefly statedlthey are as follows:
i. Use of main engine vertical lift to
compensate for fuel weight changes and
other lift changes occurring during
flight.
2. Use of thrust vectoring for Glose con-
trol in load/unload operations and for
VTOL operations.
3. Use of a computer-operated flight control
system to minimize size of flight crew
_equired.
4. Use of mechanical ground handling equip-
ment and hydraulic stick masts to mini-
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5,1 INTRODUCTION
Both the containerized cargo missions
and the large bulky single-item missions
can conceivably require the discharge of
the total useful cargo at one time. Any un-
loading of significant weight from an air-
ship must be accompanied by the exchange
of an equal weight of ballast if the same
buoyant stability is desired. Vertical
vectored thrust might account for part of
the differential but only if the vertical
thrust can be transformed to aerodynamic
lift as the ship gains forward flight.
Airship safety requires that the
ship be secured to the ballast before the
load is released and vice-versa. If the
load is lost, the airship will ascend very
rapidly, endangering the safety of the
crew and ship. One major principal in the
design of the load/unload system has, there-
fore, been safety in the ballast operation.
There are other ramifications due to
the large differential of gross lift being
exchanged at one time. The influence of the
load/unload operation on the basic struc-
ture of the ship increases with the dif-
ferential. To avoid a multiplicity of hull
designs and yet have a ship applicable to
a variety of missions, a load/unload system
must be devised that is adaptable to many
missions, yet distributes approximately
the same loads to the hull under all task
loadings. A single hull configuration for
a multiplicity of cargo/ballast combina-
tions was another major concern.
Finally, it was recognized that the
great hazard to airship operation is the
turbulence of the media in which it
operates. Gusts and crosswinds during
load/unload must be avoided or countered
by thrusting, tethering, etc., and resisted
by the hull structure. Thus, weather
effects on ship safety are another major
concern.
5,2 SYSTEMDESCRIPTION
The following describes in some detail
the load/unload system designed for the
Phase I and Phase II airships from the
ground up to the load/lift interface system.
5,2,1 LOAD/UNLOAD SYSTEM ALTERNATIVES
Turbulence in the atmosphere compli-
cates the consideration of load/unload
systems parameters. These parameters would
include:
i. relative operational elevation of the
ship with respect to the cargo,
2. the portion of the total load/unload
time in which the ship is involved
with the cargo operations, and
3. the relative orientation of the ship
and the cargo handling area.
Regarding the first parameter, the two
alternatives are: i) the ship operating
above ground level, and 2) the ship at the
ground elevation. To maintain position over
the loading site, wind forces on the ship
require that the ship either be tethered
or that the ship use its vectoring capabil-
ities, i.e., hover mode. Tethering has the
advantage of positive control but has the
disadvantages of subjecting the ship struc-
ture to a small number of concentrated loads
and of requiring a large ground area if
the tether lines have much slope away from
the vertical. Hovering does not have the
disadvantages of the tether system, but
it would require high fuel consumption in
the case of gusts.
If the ship is operating at ground
level during the loading operation, then
some form of mechanical attachment to the
ground would be necessary. Since the ship
is now in close proximity to the ground,
damage from gusts could occur to the ship
or to the cargo. Two modes of attachment
would be possible in ground-level opera-
tions : "at mast" or "tethered".
"At mast" means a mode of attachment
to the ground so that the ship moves under
the influence of a crosswind to regain a
stable equilibrium position with respect
to the wind stream. The optimum point of
attachment for the achievement of this
equilibrium is at the nose of the ship.
Thus, most previous ships have been attach-
ed to masts at the bow of the ship, al-
though some "belly masts" were used which
attached farther aft. If masted as dis-'
cussed in Chapter 4, the airships would
follow a circular path as if "weather vaned"
in the wind. To load cargo in this mode
of operation would require that the cargo
and its loading equipment be capable of
following the ship in its vaning movements.
The ship could also be tethered at
the ground so as to maintain its orienta-
tion with respect to the cargo loading
Activity. However, gusts would induce
large stresses in the tether lines, which
would, in turn, transfer the load into the
airship structure. For example, a horizon-
tal component of about 333,000 Newtons
(75,000 pounds) would be induced by a
6.1 meter/second (20 feet/second) gust act-
ing broadside on the Phase II vehicle.
There would be a corresponding increase
in ship weight caused by the necessary in-
creased structural strength to resist
these forces. If the tethers are attached
_^'" the *_= h_izontal forces pro-±uw on ship, .........
duce a large overturning moment which en-
dangers that part of the ship close to the
ground on the leeward side.
It is obvious from the above discussion
that the longer the loading/unloading time
with the ship in close proximity to the
cargo, the more hazardous is the operation.
Many of the tasks conceived for the ship
involve the handling of cargo as a number
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of small items. This is time-consuming
as contrasted with the load/unloading of a
single bulky item.
The final parameter is the relative
rotational position of the ship to the load.
In the "at ground" operations,this is no
problem in the tethered mode, As previously
noted, the masted ,_ning motion calls for
an accompanying motion for the cargo opera-
tions. In the above ground mode operation,
the tethered mode combined with some vec-
toring can maintain the orientation of the
ship in line with that of the cargo opera-
tions. However, again this is accomplished
at the price of large concentrated loads
transferred into the structure, a wide
area needed to anchor the tethers and some
fuel consumption for the vectoring. In the
hover mode, depending on the distance of
the ship from the ground, the relative ro-
tation of the ship with respect to the
ground is possible within certain limits.
The cargo can remain in a constant posi-
tion and the ship can maintain an "into
the wind" position.
Taking the above factors into considera
tion, the following general specifications
were devised to guide the design of the load,
unload system which will attempt to minimize
the time involved in the exchange of cargo.
Some implications of this decision are:
I. the unloading of a single bulk item
each time even though the cargo re-
presents divisible items,
2. the capacity for the ship to be dis-
engaged from the ground during time-
consuming cargo handling or "break-
bulk" operations,
3. the ability to load/unload in a
hovering mode so that landing and masting
time are not required and so that
remote site operation would be possible,
4. a single load/unload system to handle
a multiplicity of cargo and single,
bulky item loads, and
5. minimum weight to the ship structure.
5,2,2 LOADING GRID CONSTRUCTION
The following discussion is concerned
with containerized cargo operations. Single-
item bulky cargo missions, passenger opera-
tions and special purpose modules will be
discussed later. In view of the previous
discussion in 5.2.1, the decision was
made to design a load/unload system with
the following characteristics:
i. same system for both containerized
and non-containerized cargo,
2. load/unload operations from hover
mode in normal operations,
3. no engagement of the ship in break-
bulk operations,
4. and a flexibility of ballast operations.
The basic structure to meet these
needs is a loading grid. The grid is a
tetrahedral plate structure, as shown in
the photographs in Figure 5-1. This type
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FIGURE 5-i
PHOTOGRAPHS OF THE
TETRAHEDRAL PLATE
of construction was selected for its good
strength/weight characteristics. The plan
area dimensions for useful cargo area in
both airships were determined by the use
of standard 2.4 meters x 2.4 meters x 3.05
meters (8 feet x 8 feet x I0 feet) or
2.4 meters x 2.4 meters x 6.1 meters (8
feet x 8 feet x 20 feet) air cargo con-
tainers holding a minimum density of 72
Kg/m3 (4.5 pounds/ft3). The plan area
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aspect ratio that integrated well with the
hull shapeis 1 to 3. Thus,in PhaseI the
plan area is 7.3 metersx 19.5meters (24feet x 64 feet) andin PhaseII it is 12.2
metersx 36.6meters (40 feet x 120feet).
Theoverall depthof the grids will be0.76metersand1.22meters (2.5 feet and
4.0 feet) in PhasesI andII, respectively.
Theloading grid wouldbe supportednormally
at four points as shownin Fig. 5-2. The
SUPPORTPOINT
LOADINGGRIDPLANAREA
FIGURE5-2
LOCATIONOFLOADINGGRIDSUPPORTPOINTS
location of the supportpoints waschosento equalizepositive andnegativemoments
assuminga uniform load over the entiregrid. Thesupportpoint locations could
be changedunderdiffering loading condi-tions to minimize force concentrationsin
the grid.
Grid operationswill normallybe as
follows: the ship, with the loadedgridflush with its aerodynamicsurface,
approachesthe unloadingsite andby
vectoring takes a position on it. Thegrid is loweredfrom the ship at a speed
of 0.i meters/second(20 feet/minute)
until it rests on the ground. The
height of the airship abovethe groundwill
be chosento avoid nearbyobstructions and
to aid in performingany rotational motion
as wouldbe necessaryto maintain the shipin an "into-the-wind" mode. In normal
operations at any site makinguseof the
airship service, the prevailing winddirection wouldbeknownandthe needfor
rotational relative movementwouldbe
minimal. As the grid settles to the nearby,ground, the ballast units are attached.
Thegrid is then detachedfrom the ship
lines. Theship then flies to a near
preloadedgrid andexchangesballast forthe secondgrid. Thesecondgrid is then
hoisted up into the ship until its surface
is flush with the ship.
Actual loading of containers or non-
containerizedmulti-item cargosonto thegrid wouldbedoneat the site being
serviced without the ship being involved.
Suchloading is labor intensive andtime-
consuming,andit is not desirable for
the ship to be idle during this period.
Anotherconcernin the grid construc-
tion andoperation is that of effectingthe trim of the ship. Theresponsibility
for maintainingthe center of gravity of
the cargo grouping within a certain range
would be the responsibility of the service
personnel loading the grid. The weights
of each individual cargo item and the dis-
tances from the side and end axes could
be easily calculated by ground personnel.
The centroid of the weight would be cal-
culated and cargo shifted to meet the trim
specifications.
The grid will normally be fully loaded
with the net cargo payload of 22.7 x 103
kilograms (25 tons) for Phase I and 90.7 x
103 kilograms (100 tons) for Phase II.
If the actual cargo requirements are less
than this, the grid may be ballasted to
make up the difference. Ballast operation
will be discussed in the following section.
Normal operations will be in a hover-
ing mode. If needed, the ship could be
loaded while at the mast by extending the
masting point some 6.1 meters (20 feet)
above its normal elevation and lowering
the grid. This distance would provide
sufficient work space to load the cargo.
Weather-vaning of the ship would require
that the grid continue to move with the
ship. This could be accomplished by means
of detachable dollies, four or more of
which could be placed within the tetrahe-
dral wells of the grid. This would allow
the grid to move with the ship. The dollies
would automatically be left at the site
as the grid was raised into the ship.
Load cells mounted in the dollies and read-
able from the ground would provide a check
on loading grid trim.
If the extension of the mast were less
and the grid were lowered, the grid and
dollie arrangement would serve as a "ride
out" car for the Phase II ship to avoid
kiting and "flying the ship at the mast"
5,2,3 BALLASTING ALTERNATIVES
The two criterla for the development
of ballast systems are a) adequacy, and
b) flexibility. Adequacy includes capacity
of weight transfer to equal that dis-
charged and the safety of the system to
assure no sudden loss of weight that could
not be balanced by a corresponding loss
in buoyancy. Flexibility refers to the
de_i_e hu u_eratc the same airship with
a variety of payloads, in a variety of
support situations, and with a variety of
ballast materials.
5,2,3,1 BALLAST MATERIALS
Including the total useful payload,
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the weight of the loading grid and possible
additional payload from flexibility of
range, etc., the total ballast weight needed
in the Phase I and II airships could be
29.5 x 103 kilograms (65,000 pounds) and
119 x 103 kilograms (262,000 pounds),
respectively. Readily available materials
for variousballast modes are given in
Table 5-1.
The following lists the ways in which
ballast/cargo possibilities could be or-
ganized. The basic ballast material for
transfer within the ship and between the
ship and the loading grid, will be water.
In the upper tetrahedral grid (to be dis-
cussed in Chapter 7), the in-line configura-
tion of the tetrahedrons provide an appro-
priate structure for the insertion of long,
baffled tanks of triangular cross-section.
These tanks could contain a quantity of
water equivalent to the cargo capacity of
each ship. The tank could be oriented
in the longitudinal direction at each out-
side edge of the upper grid. This location
would minimize the contribution of the
water to the bending moment in the upper
grid. Provision would be made for pumping
water into the tanks from an elevation of
up to half the length of the ship. Pro-
vision would also be made for controlled
discharge of the water from the upper grid
to the ground. Finally, provision must be
made for inflight transfer of water between
the upper grid and the loading grid in both
directions.
The loading grid will also have water
ballast tanks of triangular cross-section.
Their total capacity in each phase should
equal 1.20 times the total ballast weight
previously mentioned. The extra capacity
is needed when the grid with dollies is
acting as a "riding out car" in a masted
mode. The orientation of the tanks could
be roughly just within the sides of the
grid between the normal support points, as
well as in a transverse direction centered
to either side of a transverse line joining
opposite support points. The reasons for
this configuration are two-fold:
i. The moment induced in the loading grid
by the presence of the water is mini-
mized and,
Material
Water
Earth
Concrete
Steel
2. An optimum position is provided for
using the tanks for the adjustment
of trim on the loading grid with a
minimum use of water.
The nominal depths of the Phase I and
Phase II loading grids are 0.76 meters
(2.5 feet) and 1.22 meters (4.0 feet) re-
spectively. With attention to proper de-
sign these could provide a 0.91 meter
(3.0 feet) and 1.52 meter (5.0 feet) mo-
dular grid dimension in plan view. In a
containerized cargo mode, these areas do
not need to be filled with upper surface
materials. In a multi-item, non-container-
ized mode, some lightweight square plat-
forms to fill particular grid modules
could be developed to span between hori-
zontal main grid members. The platforms,
if interlocking when stacked, could also
be used for rough trim aid by selected
placement if they were needed at some for-
ward location but were not presently being
used for cargo support.
The open grid module volumes 1.52
meter x 1.52 meter x 1.22 meter = 2.83m 3
(5 feet x 5 feet x 4 feet = 100 ft. 3) in
Phase II and 0.91 meter x 0.91 meter x
0.76 meter = 0.636 m3 (3 feet x 3 feet x
2.5 feet = 22.5 ft. 3) in Phase I can also
provide a further flexibility of ballast.
High strength impermeable fabric bags would
be developed that would fit this grid mo-
dule volume and attach at the upper hori-
zontal members. The bag volume could be
increased by extending the height of the
bags above the upper plane of the loading
grid but this would necessitate an extra
frame structure.
Many materials which are in abundant
supply in some areas are in short supply
in others. These materials, although
ostensibly serving as ballast, could pro-
vide a form of payload in regularly
scheduled routes when the grid was not
fully loaded. Gravel, for example, would
provide the full ballast weight in 50
bags in Phase II and 25 bags in Phase I.
The bags could also provide a convenient
means for the organization of ballast at
unprepared sites where water ballast was
not readily available.
TABLE 5-1
COMMON BALLAST MATERIALS
Volume to equate ballast weight
Density Phase I, Phase II,
Kg/m3
lOO_
1840
2400
6250
ibs/ft3 m3
62.4 29.5
115 16.0
150 12.3
390 4.7
ft3
1042
565
433
167
m3
119
64.3
49.5
19.0
ft3
4200
2278
1747
671
6O
At industrial andcommercialsites that
makescheduleduseof the airship services,
standardballast units could be usedthat
represent the full cargopayload. These
wouldbemadeof densermaterials suchas
steel. Theseunits wouldbe designedfor
safe but quick,ballast transfer. Another
necessltywouldbeeasymaneuverabilitybygroundcrews.
5,2,3,2 BALLAST SCENARIOS
The following group of ballasting opera-
tion descriptions partially illustrate the
i_lexibility of the load/unload system.
Standard Cargo Operation: The Phase
II ship approaches an industrial site,
takes statlun, hovers, _nd lowers the grid
to surface. Lines from slack/taut drums
(to be described later) are slack for bal-
last. The ground crew has previously mov-
ed standard steel ballast units to the edge
of a rectangular target area into which the
grid has now been lowered. The four bal-
last unit_ weigh 24.1 x 103 kilograms
(5.3 x 10" pounds) each to ballast 90.7 x
103 kilograms (i00 tons) of containerized
cargo plus the grid weight. The steel
occupies approximately 3.82 m 3 (135 ft. 3)
in'each unit. The units would be approxi-
mately 3.66 meters (12.0 feet) long, in-
cluding tires, and apprbximately 1.22
meter (4 feet) in diameter. The ground
crew now attaches the eight slack lines
to the ballast units and the slack/taut
drums transfer the loading cable tensions
from the cargo grid to the ballast packs.
The ship now vectors upward some 9.1
meters (30 feet) and then forward to a
preloaded grid containing some 83.5 x
103 kilograms (92 tons) of non-containerized
cargo (including 34.5 x 103 kilograms (38
tons) of pea gravel in 2.83 m3 (i00 ft. 3)
fabric bags carried in the grid spaces).
The balance of 7.3 x 103 kilograms (8
tons) of weight is water in the grid
ballast tanks. The ship now descends
9.2 meters (30 feet). The ground crew
attaches the slack cargo lines to the second
grid. The slack/taut drums now transfer to
the loaded grid; the slack ballast lines
are detached. The ship now hoists the grid
upward until it is flush with the ship
undersurface and the ship moves forward
to its next site.
Less Than Normal Payload: Some 54.4
x 103 kilograms (60 tons) of emergency
medical supplies have been collected and
loaded in 30 pallets of 1.81 x 103
kilograms (2 tons ) capacity each. The air-
ship approaches a disaster site wherein
all modes of surface transportation have
been blocked and which does not have an
air field. The ballast difference of
36.3 x 103 kilograms (40 tons) consists
of water in the upper grid tanks. The
ship arrives at a designated site in the
town, takes station, hovers and lowers the
grid to the ground at a typical rate of
61
0.i meters/second (20 feet/minute). The
wind is at a constant direction and the
ship and grid are oriented in that direc-
tion. A hose is lowered from the ship
and connection is made with the town water
supply through a fire truck. Another
59.9 x 103 kilograms (66 tons) of water
are pumped up into the upper grid tanks.
The grid is detached, the hoist cables
raised into the ship and the ship returns
for another load.
"Unprepared Site" Operation: A mining
operation is to be developed in a remote
area where there is no immediately avail-
able river or other body of water for
ballasting. The "cargo" for this initial
trip consists of fabric bags which will
be filled with earth at the site for ballast
on future trips, tubular members for frames
to support the fabric bags while loading
and a tractor mounted backhoe and front-
end loader. The combined weight of the
cargo is in the order of 5.4 x 103 kilograms
(12,000 pounds). The fuel and ballast
planning is done so that the arrival is
2.3 x 103 kilograms (5000 pounds) heavy.
By means of vertical vectored thrus_ the
ship hovers while the grid is lowered.
As the vectored power is reduced, the grid
acts as an anchor. The grid has been
trimmed with extra water ballast to allow
the backhoes to operate on filled panels
near the edge of the grid. In the mean-
time, the empty fabric bags and frame
members could be off-loaded. Finally the
tractor is driven off a ramp while the
vectored thrust would provide the balance
of downward force needed, 1.4 x 103 kilograms
(3000 pounds). On the return flight extra
water ballast could be gained over some
lake or river, after the ship has left the
site. The combination backhoe and front-
end loader is used in the period awaiting
the next flight to fill the supported
fabric bags with earth for the full 90.7 x
103 kilogram (100 tons) ballast necessary
for a full grid load. The second and sub-
sequent flights would be full payload
flights bringing mining equipment.
It should be noted that the details
of tradeoffs between fuel weight, the state
of buoyant equilibrium and the use of
vectored thrust in the above examples are
purely arbitrary. They serve only to
illustrate flexibility of ballasting proce-
dures between the loading and among various
barlast materials. The ballasting proce-
dure would be tailored to each mission and
many other scenarios could and will be
devised.
5,2,4 HoisT SYSTEM DESCRIPTION
Many of the more promising missions
for this system include the pickup, trans-
portation and deposition, including erec-
tion, of large single-item cargos. At some
stage of these missions, therefore, the
total payload may consist of a single
vertical load. These loads represent
potentially the largest shear and static
bending moment applied to an airship hull.
The penalty for such single concentrated
loads applied to the hull would be a greatly
stiffened hull section at all positions at
which the concentrated loads might act.
This would mean increased weight necessitating
an increased buoyant volume.
To avoid this penalty an interface
must be provided that distributes these con-
centrated loads to the airship hull in a
more uniform manner thus reducing the static
shear and bending moments.
The method by which the load distribu-
tion has been accomplished for this airship
is not the only method that could be used.
A range of possible solutions has been
dictated by the aerodynamic decision to make
the cargo compartment contained within the
hull during flight. The maintenance of
clean hull surfaces helps to decrease drag
and side area over which gusts can act.
However, it does diminish the volume of the
hull which is available for buoyancy and
lessen the structural efficiency by inter-
rupting the exclusively tension character of
the hull structure.
Given the constraint of inclusion of the
cargo area within the aerodynamically clean
hull structure, the implied structural
alternatives are: a) a structural level at
the bottom of the ship with framing around
the loading grid, and b) some structural
system above the loaded cargo area, providing
a ceiling for the cargo area, a floor for
the buoyant volume, and a connection between
the interrupted tension structure of the hull.
The ship must have the capacity to
raise cargo into itself rather than rely
on ground equipment to raise the cargo into
the ship. There are two ways of organizing
the suspension of loads from one or the
other of these structures. One would involve
an attached rail and movable hoists raising
the load directly. The other could be a
hoist and cable system involving fixed hoists
and tie-off points.
Among the two types of hoist systems and
the two structural levels, four logical pos-
sibilities appear. The cable hoist system
cannot be located in the plane of the loading
grid, so one of the four is eliminated. This
leaves the following three:
i. a rail system above but resting on the
lower structural plane using rolling
dollies to support hoists above the grid
level,
2. the attachment of the rail to the bottom
of the upper grid with travelling
crane type hoists, and
3. the support of a cable hoist system from
stationary hoists in the upper grid
structure.
Alternative number 1 was eliminated
early because of the torsion and high moment
induced into a structure that would contain
the discontinuity of the hole representing
the loading grid. Its accessories would
also be bulky and the variable location of
the hoists would require hull stiffening
over a larger length of the ship.
An adequate decision between the latter
two systems would require matrix structural
analysis and/or finite-element analysis
capability plus detailed structural design
from the loading grid through the hull
structure. The final decision would have
involved tradeoffs of cost and weight
savings. Such detailed analysis and design
is beyond the scope and outside the time
constraints of this study. Thus a more
heuristic and arbitrary decision was made
to use the stationary cable/hoist system,
primarily because of the constant location
of its reactions on the ship structure.
This also made the design of the hull
structure easier.
The following sections describe in
detail the cable hoist system that was de-
veloped for these airships. It is not a
completely developed system. Many of the
components of the system represent present
state of the art. Other components repre-
sent possible modifications of existing
technology. These items will be pointed
out where they are encountered.
5,2,4,1 SLACK/TAUT DRUM HOISTS
The heart of the load/unload system
is the loading grid which has been described
in paragraph 5.2.2. The grid is supported
at four points, which provide for equal
positive and negative moments when the
grid is loaded uniformly. The next major
component of the load/unload system en-
countered immediately above the loading
grid are the slack/taut drum hoists. These
hoistswill be described in this section.
Reference is made to Fig. 5-3 which illus-
trates schematically the entire cable hoist
system.
Safety in ballasting requires that the
ballast be attached before the load is de-
tached and vice versa. If the load is sus-
pended from the cables of the hoist system,
they are taut. Yet the lines with which
the ballast is to be attached must be slack
to give maneuverability and ease of connec-
tion to the ballast. If in this load-taut
and ballast-slack mode the load is released,
the airship would rise quickly under an
excess lift of approximately one-third of
the gross lift of the airship until the
ballast line slack were eliminated. This
would result in impact loading into the
62
FIGURE 5-3
CABLE HOIST SYSTEM
airship structure and vibrations distributed
throughout the airship system. Moreover,
if the ballast were then to be exchanged
again for load (the normal operation in the
exchange of one loading grid for another),
the longer, previously slack ballast line
would now be taut and the shorter, pre-
viously taut load line would now be slack,
but too short to reach the new load.
One possibility in avoiding the dif-
ficulty described above is to provide a
redundant hoist system, one for the load
and one for the ballast. Since the cable
hoist system contributes a significant
portion of the total empty weight of the
vehicle, this alternative would delete too
much capacity from the payload.
A better system is to provide a slack/
taut drum in the line of the support lines
to the loading grid. These slack/taut
drums are within the state of the art of
current rigging techniques. A schematic
of such a drum is shown in Fig. 5-4. Such
a slack/taut drum would solve the difficulty
described above in the following manner.
After the slack ballast lines are
firmly secured to the ballast packs, the
slack/taut drum is operated to transfer
smoothly the tension in the load lines to
the ballast lines and to create slackness
in the load lines. Then, with the excess
lift having been safely transferred to the
ballast lines, the slack load lines would
be detached from the load. Now the ship
could vector upward and horizontally to a
new position over a preloaded grid and by
a reverse process exchange ballast for
the new grid.
The slack/taut drums would be sized
for a minimum of 267 x l03 Newtons (30
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tons) pull, and would use 267 x 103 Newtons
(30 ton) test Kevlar cables with a minimum
factor of safety of 6.
5,2,4,2 BALANCE BEAM AND TAG LINES
The next element of the cable hoist
system, moving up from the slack/taut drums
shown in Fig. 5-3 is the balance beam and
tag line hoist. The balance beam serves
to spread the support lines from the central
support labeled a "3-way sheave set and tag
line hoist". From a pure flexure point of
view, the balance beams need an aluminum
section with a section modulus in the order
of 1.8 x 10 -3 m 3 (ii0 in.3). This bending
resistance would be accomplished by a sec-
tion of approximately 74.6 kilograms/meter
(50 pounds/foot) mass. Lateral stability
difficulties in the ballast beam could be
solved by use of Kevlar cable prestressing
in a horizontal plane around queen posts
projecting out in a horizontal plane from
the side of the balance beam.
Each balance beam transforms the force
of the two support lines into a single
point. This point is located a short dis-
tance above the balance beam. At that point
there will be a tagline drum to distribute
the horizontal components of the cables
between the two ends of the platform. An-
other purpose of the tagline and tagline
drums is to provide the possibility for
lateral movement between the two tagline
drums. This will be particularly important
in the case of the erection of a large
slender single item from a horizontal
position to a vertical position. This
project will be discussed further in Sec-
tion 5.2.5.2.
5,2,4,3 HOISTS AND CABLES
Directly above each tagline drum will
be a three-way cluster of sheaves. Around
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these sheaveswill passcablesup into
the upper tetrahedral grid. At oneendof
eachcable will be a hoist inset in the
grid. After passingthroughthe sheave,the other endof the cable will be tied
off. Thus,eachtotal payloadwill be
suspendedbytwelve points of support,
with motioncommandedby only six hoistsin the uppergrid. Thelocation of half
of the uppergrid hoists is indicated
schematicallyin Fig. 5-3.
Theselectionof hoists currently
available is difficult since the demand
for weight savingsis not as critical as
it wouldbe for airships. Someworkhas
beendoneto developnewconceptsandtechnologyin the field of helicopter
hoists (ref. 5-1) especially with respectto capacities rangingbetween11.3 x 10_to 45.4 x 103kilograms (12.5 to 50 tons).
However,this work is presently in the
developmentstage. For the securingof
representativeweight figures, the fol-
lowing procedurewasused. Representatives
of the ManitowocCoastalCompanyandtheIngersoll-RandCorporationwereinterviewed
by phone. Informationwasreceivedas to
weights, pull capacity, line speed,drum
size andcostsof contemporaryair-motordriven steel-constructedhoists. This
material wasput into the formof a rough
curve fromwhichcosts andweightsof
various capacityhoists couldbe extra-
polated. A factor of 2.3 wasusedto reduce
the present steel weights to representative
weights of aluminumandother light alloys
wereto beusedin a programthat would
makesuch light hoists state of the art
by the installation time of the LTAtrans-portation system. Future developmentwith
compositesandother materials could
possibly reducethe hoist weightsby an-
other factor of two.
Themostpromisingmaterial for thedevelopmentof light weightcables for use
in the airship's hoist systemis Kevlar.
It has the highestspecific tensile strength
of anypresently available material. With
a _resent strengthin the order of 275x103Newtons/cm2(400,000pounds/in.2) and
using a factor of safety of six against
rupture, very lightweight cables could be
designed. For example, 45.4 x 103 kilo-
grams (50 ton) of test Kevlar cable with a
factor of safety of six might weigh as
little as 1.94 kilograms/meter (1.3
pounds/foot). A corresponding wire rope
made of the strongest steels would weigh
in the order of i0 kilograms/meter (6.7
pounds/foot). The most serious disadvantages
of using Kevlar (ref. 5-2) are its degrad-
ability in the presence of ul_raviolet
light and its abrasion characteristics.
These could be overcome in a variety of
ways by using an opaque sheathing or
finish of various materials including metal
o@ some material such as Tedlar. This
field of the development of Kevlar cables
is one that would begin immediately upon
the initiation of the research and develop-
ment program of the LTA transportation
system.
The majority of high-capacity, light-
weight hoists today are powered by air
motors. The hoists located in the upper
tetrahedral grid even with the development
of those hoists with lighter materials would
also be air powered. The source of this
power would be a gas turbine mounted in
the upper grid driving an air compressor.
The hoists operating lower in the system
such as the tag-line drums and the slack/
taut hoists would be electric powered with
the power cables reeled out from the upper
grid under a constant safe tension to
ensure their noninterference in the opera-
tions of the hoist system.
5,2.4.4 ROTATIONAL CAPABILITY
In all load/unload operations the
normal mode of operation will be from the
hover position. This is to minimize the
amount of time during which the ship is
engaged with the ground. The purpose of
this minimization is to eliminate as much
as possible the potential dangers of weather.
However, even in short time loading opera-
tions there would be the possibility of
wind shifts. In the loading, transport,
unloading and/or erection of large single
bulky items the time involved in the ground
interface operations would be longer and
the possibility of weather disturbance
higher. The best hover mode is "into the
wind". Since the wind direction may change,
however, the load/unload system must be
capable of some relative rotation between
the airship and its cargo.
In the cable hoist system selected
for this system's craft, this rotational
capacity is obtained by anti-symetric trans-
lation of the two support points at the
three-way sheave set. This is illustrated
in Fig. 5-5. The figure is a plan view
i
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schematic of the cables and hoists from
the upper grid down to the sheave cluster.
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Theleft half showsthe normalparallel
alignmentof the longitudinal axesof air-
ships andcargogrid. Theright half showsthe grid rotated 45°. from the parallel
position. The rotational capacity is
achieved by shortening of the side hoist
cable in the direction of the sheave point
translation and a corresponding shortening
of the side hoist cable anti-symmetrically
oppos'ite the first. All other hoist cables
would be lengthened. The full rotational
capability would be 90 ° with a 45 ° capa-
city toeach side of the parallel position.
In a previous article reporting a de-
_=!gn study for a freight-carrying airship,
Mowforth (ref. 5-3) investigated the range
of potential rotational displacement of
the load supported by four cables from the
ship. The horizontal components of the
tensions dictated the safe upper tension
limit. The study used the height between
load and ship as one of the parameters.
The relevant figure from Mowforth's study
is reproduced as Fig. 5-6. As is indicated,
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PERMISSIBLE LOAD MISALIGNMENT
IN A 15,2 METERS/SECOND (30 KNOTS) WIND
the Phase II ship might have its rotational
capacity increased in total by another 20 °
and the Phase I by an even larger amount.
Any weather condition producing the
need for larger rotational capacities than
those indicated above should be avoided.
5,2,4,5 WEIGHTS AND SPECIFICATIONS
Tables 5-2 and 5-3 represent a listing
of weights and costs for the cable hoist
system in both the Phase I and the Phase
II ships. The weights for hoists, as
explained previousl_ consists of corres-
ponding contemporary steel constructed
hoists divided by a factor of 2.3. The
costs are essentially the same as compe- z
titive steel hoists of comparable line pull.
The Kevlar cable weights are based on _
1426 kilograms/m 3 (89 pounds/ft.3). The
costs of Kevlar cables is based on a
$8.82/kilogram ($4.00/pound) competitive
cost for materials suggested and a $13.23/
kilogram ($6.00/pound) fabrication cost
which represents R&D return for the develop-
ment of the cable construction techniques.
5,2,5 SINGLE BULKY-ITEM MISSIONS
There will be a great deal of traffic
in single bulky items for both the Phase
I and Phase II vehicles. However, a larger
Phase III vehicle with a payload capacity
of up to 453.6 x 103 kilograms (500 tons)
would have a unique capability of trans-
porting and even erecting large reactor
vessels, transmission towers, etc. A few
special items should be mentioned in con-
nection with operations regarding delivery
of single bulky-item cargoes.
One distinctive aspect of these kinds
of missions is that they will be more time-
consuming in the firm attachment of cargo
and ballast. Another aspect may be the
requirement to change the cargo from a
horizontal to a vertical position at the
end of the mission. Fortunately, these
missions in their present planning are very
time intensive. One could expect, there-
fore, that sufficient time may also be
used in the planning of the corresponding
airship mission to allow for the arrange-
ment of rigging, ballast, auxiliary equip-
ment, etc., to be on site.
5,2,5.1 BALLAST
Ballasting considerations for a single
bulky-item cargo fall into two categories--
advance base and prepared site. An example
of the former would be the delivery of an
electric transmission tower to a rural site.
An example of the latter would be the pick-
up, transport and erection of a vertical
cylindrical chemical industry reaction
vessel.
The advance base site would not be
completely unprepared in that previously
delivered equipment would have arranged
for adequate ballast at the site. The
ballast could consist of excavation material
and borrowed soil filled in fabric bags
designed of Kevlar. It might consist of
water either at the site or pumped to the
site by previously arranged equipment from
some nearby source. In a forest area,
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Item
TABLE 5-2
CABLE HOIST SYSTEM MASS
AND COSTS - PHASE I
Mass
Kg (ib) Cost
6 - 2.22 x 104N (2.5 Ton) main hoist
6 - tie0ffs
6 - sheaves
1 - 5.34 x 104N (6 Ton_ tagline drum
4 - 6.22 x 104N (7 Ton) slack/taut drum
i0 - blocks
2.22 x 104N (2.5 Ton test) Kevlar cable 1,500m)
10.7 x 104N (12 Ton) Kevlar cable (200m)
Balance beams
Gas turbine
Compressor
Tubing and accessories
TOTAL
534 (1,175) $ 22,200
36 (80) 180
36 (80) 180
207 (455) 6,000
1,027 (2,260) 26,000
59 (130) 300
218 (480) 4,800
136 (300) 3,000
247 (543) 2,500
106 (234) Included
in
150 (330) Power
68 (150) Costs
2,824 (6,217) $ 65,160
Item
TABLE 5-3
CABLE HOIST SYSTEM MASS
AND COSTS - PHASE II
Mass
Kg (ibm) Cost
6 - 8.9 x 104N (i0 Ton) main hoists
6 - tie0ffs
6 - sheaves
1 - 2.2 x 105N (25 Ton) tag line drum
4 - 2.7 x 105N (30 Ton) slack/taut drums
i0 - blocks
8.9 x 104N (I0 Ton test) Kevlar cable (1500m)
4.4 x 104N (50 Ton test) Kevlar cable (200m)
Balance beams
Gas turbine
Compressor
Tubing and accessories
TOTAL
2,140 (4,700) $ 49,800
118 (260) 600
118 (260) 600
845 (i,870) 17,300
4,120 (9,045) 80,800
198 (435) 1,000
870 (1,970) 19,200
355 (780) 7,800
985 (2,170) i0,000
106 (234) Included
in
150 (330) Power
91 (200) Costs
10,096 (22,205) $147,100
bundles of logs might prove a ballast
alternative that would form a payload as
well. The specific ballast used would be
determined by the most convenient avail-
ability and the optimum costing of the
project.
In the case of the prepared site delivery,
standard ballast packs or high-density,
small-bulk special ballast designed for
minimum interference with the delivery pro-
cess could be used. Again, water would
also be a quite common ballast source.
The same concerns with safety and proper
sequence of ballast operation would
pertain to these missions as in multi-item
cargo missions. In most of these missions,
the weight of the cargo grid would be
exchanged for useful payload.
5,2,5,2 SINGLE BULKY-ITEM MISSION
The following is a brief scenario to
illustrate some of the special considera-
tions necessary to the operation of trans-
66
port anderection of a single bulky item.Theobject is a 88.9x 103kilogram (98
ton) cylindrical reactor vessel about45.7
meters(150feet) long. Thepickup will
take place at the manufacturingsite withthe vessel in the horizontal position. The
vessel hasbeenprerigged so that the points
of support in the vertical position willbe near the top of the vessel andthe center
of gravity of the vessel in the horizontal
position during flight is just behindthe
center of buoyancy. All necessaryattach-
mentlines andquick-release lines willhavebeenattached at the manufacturing
site. Theorientation of the vesselsaxis
at rigging is in the direction of the pre-
vailing windsof the area.
Theship approachesthe site andtakes
station over it as directed by a ground
officer andby using closed circuit TV.Standardballast packsare suspendedfromthe ballast lines. Thecable hoist system
is loweredandrotated as it is lowered,so
that it straddles the vessel as the airship
continuesto vector into the wind. The
slack load lines are attachedto the vessel
rigging, andwhensecure, the slack/taut
drumsare operatedto transfer tension fromthe ballast to the load itself. Oncethe
load is attachedandsecure, the slack
ballast lines are detached,the ship vec-tors upward,rotating andsnuggingthe
vessel upunder its lower surface.
As the airship approachesthe delivery
anderection site--a chemicalplant complex
underconstruction--crewsare readywith
all necessaryauxiliary equipment.
Beforeapproachingthe erection site,the airship takes station over the nearest
unpopulatedarea to performthe maneuver
of transferring the vessel from a horizontal
to a vertical orientation. In the specific
airship rigging for this particular mission
extra drumhoists havebeenplacedin posi-
tion betweenthe balancebeamandthe slack/
taut drums. (Refer to Fig. 5-3.) The
extra drumshavebeenloadedso as to pro-
vide some122meters (400feet) of extra
line length betweenthe balancebeamandthe slack/taut drums.
Thevessel in a horizontal position is
first loweredby the uppergrid mainhoists
about 30.5meters (100feet). Thenthe
extra drumsare activated, lowering the vessel
an additional 30.5meters(100feet). Now
the extra drumpair attached to the bottom
of the vessel are activated to begin tolower the vessel. Simultaneouslythe tag-
line drumsare operatedto bring the 3-way
sheavecluster sets together. This combined
operation serves to maintain the center ofgravity of the vessel andthe cable hoist
systemwithin the samevertical line.
Vernier control of the trim of the airship
will be doneby meansof pumpingbetween
special water tanks suspendedin the cargo
spaceat extremeendsof the loading area
uppertetrahedral grid. As the vessel
reachesthe vertical position, the lowering
of the extra drumsnear the upperendofthe vessel will havealloweda clearance
betweenthe upperendof the vessel andthe balancebeamconstruction. With the
vesselin the vertical position the tagline
drumswill nowbeas close as permitted
andthe rear lines will be slack. The
vesselis noweffectively suspendedfromtwoof the load lines, but the entire load
is still suspendedfrom the twelve main
uppergrid suspensionpoints without a
majorchangein the loading experiencedby thesepoints. Themainuppergridhoists andthe extra drumsare nowactivated
to raise the vertical vessel to as close
a position as possible, andthe airship
slowlyproceedsthe short distance to the
erection site. Theairship nowtakes
station over the anchorsite of the vessel.
Thepickup andrigging havebeenarranged
sothat if the ship is directed into thepervailing winds,the vessel will be in the
properorientation. Themainhoist cables
arenowactivated to lower the vessel from
the ship to within 3 meters (i0 feet) ofthe elevation of the anchor bolts. At the
same time, high-pressure water hoses are
lowered for connection to a water source
at the ground from which ballast may be
pumped into the upper grid ballast tanks.
The water hoses are equipped with quick
couplings in case of need for emergency
release.
Flexible conduit has been sheathed
over a small number of the anchor bolts
of the foundation base of the vessel.
These are used as the vessel is lowered
to guide the anchor bolt holes over the
appropriate anchor bolts. The latter
operation is facilitated by the use of
manually tensioned taglines at the base
of the vessel that had been previously
attached at the rigging site.
As the tower is now lowered onto its
anchor bolts by means of movement of the
main cable lines, several securing nuts
are applied to the bolts and water is
pumped at a fast rate up into the upper
grid ballast tanks, proper trim being
maintained by the varying rate of pumping
in the water lines. As sufficient ballast
is acquired by the ship, the rigging load
lines are released by means of previously
rigged release lines and the ship vectors
upward, its mission completed.
5,2,6 PASSENGER MODE OPERATION
A number of the potentially profitable
missions both for Phase I and Phase II
vehicles involve the transport of passen-
gers. Both of the vehicles could be easily
modified to accept a passenger module or
modules that would replace in weight the
cargo hoist system and the cargo loading
grid. This would leave the total normal
67
usablepayloadavailable for passengers
andneededsupplies. Suchpassengerpods
wouldprobablybemulti-story with part of
the podcontainedin whatwouldnormallybethe cargohold andthe lower stories ex-
tendingbelowthe bottomsurfaceof the
ship's hull.. Asa generalrule, if the shipis to beusedin anyother service, all
services andsupportsystemsnecessaryto
the passengermodeof operations in flight
shouldbeself-containedwithin the module.
Sincepassengersare dischargedas a
successionof small weight items,the bal-lasting operationhas to be continuous.
.Water,pumpedinto or dischargedfrom the
uppergrid tanks,wouldseemto provide the
optimumballast for this kind of continuous
operation. If the passengeroperationsare
organizedso that loading andunloadingof
passengersis donesimultaneously,theballasting problemswouldbeminimized.
Threeconceivablepassengerexchange
systemscouldbeused. In calmweatherthe
ship couldcomenear the grounda bit heavy.Its vernier elevation with respect to thegroundwouldbe controlled by vectoring of
the engines. Permanentballast anchorlines
of constantlength could then beattached to
anchorlines from the ground. Vectoringof
the engineswouldnowbe slowly reversed
until the slack hadbeeneliminated. In
this mode,passengerscouldnowbe quickly
unloadedandloadedin a flight modesimilar
to the presentoperationsof the GoodyearBlimps. Asthe newflight of passengers
wouldtaketheir positions, the differentialballast couldbe adjustedby the ground
crewby the addition of small shot bags.
Theship wouldnowvector downputting
slack in the anchorlines whichwouldthen
be _eleasedandthe ship wouldvector up-
ward for anotherpassengerflight.
A third andfinal possible modeof
passengerexchangewouldalso be accomplished
with the airship masted. In this casethe
mastwouldbea low mastandthe bottom
of the passengerpodwouldbe essentially
at groundlevel except for the presenceof
casterin_ wheels. A combinationbusand
water ballast pumpingvehicle wouldcarrypassengersto the ship andmovewith the
ship in caseit vanedby proceedingin a
circumferential path definedby the vaning
movementof the rear of the passengerpod.Passengerscould be simultaneouslyloaded
anddischargedwith water pumpedandre-
turned to the bus/pumperaccountingfor
the differential weight on eachflight.
5,2,7 SPECIALPURPOSEMODULES
Theuseof the airship for various
specific civic andcommercialmissionsmay
very well require the useof highly
specializedmodules. Suchmissionsmight
include hospital functions for emergencydisaster relief, air-borne communications
installations, mail-sorting in flight, etc.
In general, the weightof the structure
of the modulecould replace the cables
andhoist systemandthe loading grid
andwouldattach directly to the bottom
of the upper tetrahedral grid. Thepersonnel,equipmentandsupport systems
of the moduleswouldbe self-contained
andwouldaccountfor the net useful
payloadof the vehicle.
Attachmentanddetachmentof the parti-
cular modulewouldbe infrequent andcould
best be accomplishedin a hangar,with the
modulelifted into place andattachedto
the uppergrid by groundhydraulic equipment.
In gustyweatherandfor passenger 5,3 SUMMARYflights of longerduration that require the
slower exchangeof baggageandlogistics
aswell aspassengers,passengerloading and
unloadingwouldnormallybe accomplishedat
a mastwith the ship having the possibility
of vaning. Twomodesof operationwould
still be possible. Onewouldbe at a high
mastthroughwhichthe passengerswould
embarkandleavethe ship by meansof a
modification of the "skyway"or "jetway"presently usedin jet airplane passenger
embarking.Theskywaymodification wouldpivot with the airship as it vaned,with one
endrotating about the mast. Theskywaymo-dification wouldbe sized for a simultaneous
loading andunloadingof the passengers o
as to minimizeballasting problems. Passen-gers wouldinterface with the ship at apoint on the undersurfaceof the hull near
the bow. Anadequateshelteredwalkwaywouldbeprovidedfromthe point of entry to the
passengerquarters. Ballasting wouldbe by
meansof waterpumpedinto the uppergrid 5-1
tanks fromfacilities again in the high
mastandthroughthe bow.
Thedecision to minimizethe time in
whichthe airship is engagedin load/unload
operation hasdictated that suchoperationsbe donenormally from a hoveringmode. The
potentially large static shearsandmoments
resulting from the concentrationof thepayloadhasdictated a cable hoist system
that distributes the net payloadintotwelve separatereactions applied into the
uppergrid interface structure.
Ballast flexibility designedinto the
systemwill allow the useof water, arbi-
trary commonmaterials containedin large
volumefabric bagsandstandardhigh-
density compactballast packsas typicalballast materials.
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6,1 INTRODUCTION
It is interesting to note that in many
respects the airships of nearly half a
century ago were in the front ranks of
technological advances, often stretching
the limits of engineering and materials
science of that day to provide new techni-
ques and materials. Today the situation is
greatly reversed in view of the fact that
no large rigid or nonrigid airship has been
built since the 1930's and the 1950's respec-
tively. Therefore, modern aerospace techno-
logy and materials science have been vir-
tually unapplied to airship technology,
particularly in the area of rigid airship
design.
Recently a number of studies have been
undertaken to investigate LTA vehicles
and hybrid lifting bodies from the stand-
point of their feasibility as modern airships.
As expected, the shapes of the proposed
craft varied greatly according to their in-
tended application and mode of operation.
For example, the Magalifter (ref. 6-1) might
be classed as an airplane with a semibuoyant
fuselage while the Goodyear Dynastat (ref.
6-2) and the Boeing-Vertol Helipsoid (ref.
6-3, 6-4) are representative of a class of
semibuoyant, hybrid vehicles which will
derive a great deal of aerodynamic lift
through the shape of their hulls. The
present study, on the other hand, reflects
the design philosophy that the unique capa-
bilities of a fully buoyant craft, in
addition to the favorable rate of fuel con-
sumption which occurs with low speed opera-
tion, directs us toward an airship whose
shape and general appearance closely parallel
that of the familiar classical airship.
Figure 6-1, taken from the Boeing-Vertol
NASA-Ames report (ref. 604) provides an
interesting comparison between hybrid and
conventional airship designs whose general
performance characteristics closely match
our Phase II airship. This figure illus-
trates the weight disadvantage of hybrid
vehicles at low speeds, a region best
suited for conventional airships of the
rigid and nonrigid type. Over the velocity
range considered, it is seen that nonrigid
airships have a slight weight advantage
over rigid airships, but that other factors
(such as operating life, lifting gas re-
tention, and load-lift interface considera-
tions) make the heavier rigid vehicle more
desirable at the present time.
Airship design (particularly for
rigid airships) covers a wide range of
aerodynamic considerations and relies
heavily on aerodynamic theory. Like any
large aircraft, airships are not well
suited to the trial and error development
techniques of the past.
In the present study, it has been
necessary to limit the aerodynamic investi-
gation largely to the areas of aerodynamic
lift, drag, and stability factors. When
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LIFT VS, SPEED
an airship hull shape is analyzed, factors
of prime aerodynamic importance are the
total drag coefficient, the hull volume,
the total wetted surface area of the hull,
the fineness ratio, and the shape of the
hull. The analysis of these factors r al-
though seemingly straightforward, can be
very complex.
2_0
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6,2 SHAPEAND HULLGEOMETRYCONSIDERATIONS
6,2,.i AIRPLANE FUSELAGE SHAPES
For more than 25 years, airplane
fuselages which have been in use have a
long cylindrical center section. These
shapes with a fineness ratio (length/
maximum diameter) of about i0 were often
selected for other than aerodynamic con-
siderations. Airplane designers have
continued to follow this trend and have
even gone to fineness ratios as high as
15, although poor with regard to pressure
distribution and volume to area ratios.
There has been a recent trend toward thick-
er fuselages using a fineness of 6 instead
of 10. These shapes, however, still are
not very favorable from an aerodynamic
standpoint.
A recent study (ref. 6-5) for VTOL
airplanes suggested a new shape, which for
a given volume, has less drag than conven-
tional cylindrical shapes. (See Fig. 6-2)
The objective of this shape is to maintain
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BODY OF REVOLUTION
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SHAPE AND PRESSURE
DISTRIBUTION (INCOMPRESSIBLE)
1.
a laminar boundary layer as long as possible
along the length of the fuselage and then
to avoid separation at Reynolds numbers in
excess of 108 .
This new shape has the following
characteristics:
i. parabolic nose, rather than elliptical
or circular nose (see Fig. 6-3)
2. circular cross section
3. fineness ratio of about 4.5.
It would provide these advantages:
i. Greater pressure drop at the nose,
stabilizing the laminar boundary
layer at high Reynolds numbers.
2. Minimum drag for a maximum volume.
3. Substantial gain in space near the
center of gravity for accommodation
of lifting engines or buoyant gas.
6,2,2 AIRSHIP HULL SHAPE TRENDS
The design of airships has followed
airplane design to a great extent, high
fineness ratios with cylindrical center
sections developing into smaller cylin-
drical center sections and sm_ller fine-
ness ratios with continuously curved fore-
aft shapes. With a classical airship shape,
a fineness ratio of about 5 seems to provide
a _aximum volume to drag condition (ref. 6-
6, p. 74).
Recent studies have considered nonclassi-
cal airship forms, with fully buoyant, semi-
0.2D
0.1
0.0
-0.1
_ -0.2
_ -0.3
\
\.
\
A
/"I
.....II
/
FIGURE 6-3
PRESSURE DISTRIBUTION
CYLINDER - ELLIPSOID - PARABOLOID
TRANSITION AT HIGH REYNOLDS NUMBER
buoyant, and semi-aerodynamic lift capa-
bilities. Two of the more interesting
shapes investigated during the course of
this study are the Goodyear Dynastat (ref.
6"2) and the lifting body shape (ref. 6-7)
shown in Fig. 6-4 which originated from
NASA reentry vehicle studies. Both of
these shapes have previously been proposed
for airship designs operating in a semi-
buoyant mode.
6,2,3 SUBMERGED VEHICLE BODY SHAPE TRENDS
Since the airship is really a buoyant
craft, both submerged and operating in air,
much related information should be avail-
able from submerged vehicles operating in
water. For security reasons, much current
information on torpedo and submarine
design studies is not available. Fig. 6-5
shows two significant shapes studied and
used in submerged operations. The dolphin
design (ref. 6-8) has an optimum operating
condition in water at a Reynolds number
of about 2.8 x 107 . The airships in this
study have Reynolds numbers approximately
equal to 3 x 108 . The fineness ratio of
this shape is 3.33. The drag reduction of
this shape when compared to a conventional
torpedo is about 50 percent, under similar
operating conditions.
In ref. 6-9, p. 132, it is stated
that drag per unit volume of a bare tor-
pedo body is minimized when the body fine-
ness ratio is 6.5 with a tail cone fine-
ness ratio of 3.9. Minimum drag per unit
volume for a torpedo with a full tail sur-
face occurs when the tail cone fineness
ratio is 6 or greater (see Fig. (6-6).
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6,2,4 AREAS OF DIFFICULTY
The disagreement in the conditions
for optimum design is apparent. The opti-
mum fineness ratio, on the basis of the
above study, would appear to fall between
3.3 and 6.5. One concludes, therefore,
that the optimum fineness ratio depends
Qn a number of factors, such as hull
geometry, Reynolds number, nose shape, and
the fluid used for testing. These parame-
ters obviously interact with each other in
subtle and complex ways which do not easily
lend themselves to theoretical analysis.
The most important factors are perhaps
the Reynolds number and the existing boun-
dary layer conditions (laminar, turbulent,
or separated). Some of the shapes mentioned
operate on different sides of the boundary
layer transition region as shown in Fig.
6-7, and therefore are optimum in their
area of operation. Reference 6-10 also
discusses the problems associated with and
the confusion resulting from extrapolating
model test data obtained over the transi-
tion region (Re _ 106 - 107 ) to full scale
vehicles at large Reynolds numbers (Re > 108).
This is an area of study in which much
work has already been done, but much cor-
relation is still needed. The question of
optimizing shapes needs to be clarified
and answered. The theory of viscous fluid
forces needs to be developed further; in
addition, more wind tunnel and free flight
data are needed at large Reynolds numbers.
6,2,5 AIRSHIP HULL SHAPE ANALYSIS
For purposes of comparison, a brief
analysis will be given for the following
four shapes:
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I. The Laminar Classical (Shark Shape)
2. The NASA M-2/F-2 Lifting Body Shape
3. The Classical Body of Revolution
4. The Dynastat Shape
For shape comparison purposes, the
quantity drag efficiency coefficient K G =
_/CDf will be used (ref. 6-5), where
= V2/3/S is a geometr_ical efficiencywt
parameter, _eing greatest for those shapes
with a favorable volume to surface ratio.
Therefore, K G itself will be greatest for
those shapes with high geometrical efficiency
and low aerodynamic drag. In Fig. 6-8, K G
is used to compare the four shapes under
study. On the basis of this analysis, the
four shapes were listed in order of decreas-
ing values of K G.
The following procedure was used in
analyzing these shapes.
For the laminar classical and the
classical shape of revolution, the volume
(V), the length (L), the diameter (D), and
the wetted surface area (S) were related
using the following equations:
D 2
V=CL_--
v 4 (6-1)
C v = 0.65 (ref. 6-6), p. 49
S = C 'DL
s
C s' = 2.44 (ref. 6-6), P- 53 (6-2)
where C. (prismatic coefficient) and C s' are
volume and surface constants of proportion-
ality respectively.
For the dynastat and the lifting body
shapes, the volume, length, diameter, and
wetted surface area were related from data
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SHAPE EFFICIENCY COMPARISON
respectively in ref. 6-2 and 6-7 and then
scaled as follows:
L 1 L 2
(6-3)
L12 ._ L22
S 1 S 2
(6-4)
The fineness ratio for both the Dynastat
and the lifting body were calculated using
L
Fineness ratio = 4A (6-5)
c
where A c = cross-sectional area of the
maximum diameter.
The coefficient _ = 4(L/D) 0"333 +
6(D/L) 1"2 + 24(D/L 2-7 Vfrom Hoerner (ref.
6-11) is the constant of proportionality
between C D , the hull drag coefficient
(based on Vhull volume, V, to the 2/3 power)
and Cf, the skin friction drag coefficient.
That is, CDv = CfTv; therefore the total
hull drag is D = qCDvV2/3 where q = p v2/2
is the stagnation pressure head (p is mass
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density of the fluid medium moving at free
stream velocity v over the body of revolu-
tion). Combininq the two expressions
yields D = (qCfV2/3)Tv, from which it can
be seen that a minimum in Tv will result in
minimum drag over regions where qCfV2/3 is
fairly constant. The values of Cf were
obtained from Hoerner (ref. 6-11, Fig. 22,
p. 6-16), using a Reynolds number based on
the length of the airship. From Figs. 6-8
and 6-9 it is seen that the optimum fine-
ness ratio for a classical streamlined
shape occurs near F = 5.
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CLASSICAL SHAPE DRAG
CORRECTION FACTOR
Comparing these shapes on the basis of
the drag efficiency coefficient Kg alone,
it is seen that the laminar classlcal and
the NASA lifting body shapes excel over
the classical streamlined shape. The dif-
ference in the latter case is slight, while
the significantly higher drag efficiency co-
efficient of the laminar classical is im-
pressive, largely due to improvements in
the drag coefficient C D.
Despite the apparent advantage of the
laminar classical shape over other shapes
considered, it was felt that any semi-
empirical shape analysis of this type should
be broadly interpreted as showing trends
rather than predicting any absolute or fun-
damental advantage of one shape over another.
Therefore, with this understanding in mind
and for the following additional reasons,
the classical streamlined body of revolu-
tion was chosen during the present study
for purposes of calculation and illustra-
tion (Fig. 6-10). Some of the advantages
of the classical shape are:
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EXAMPLE SHAPE USED
FOR CALCULATIONS
I. The existence of a large body of infor-
mation and practical knowledge for these
shapes (ref. 6-6, 6-2, 6-12).
2. The reliability and convenience of a
theoretical analysis based on a simpli-
fied shape.
3. The structural integrity of a hull
with a circular cross section.
4. The manufacturing convenience associated
with a body of revolution.
Therefore, it was felt that off-the-
shelf technology could be applied directly
to-the construction of even large airships
in the classical shape with no technologi-
cal risk. Furthermore, this shape repre-
sents a basic geometry, about which design
changes could be made without greatly
affecting the basic theoretical analysis.
6,3 AERODYNAMIC DRAG
6,3,1 DRAG REDUCTION= BOUNDARY LAYER
CONTROL
While approximately six methods have
been developed to control artificially the
behavior of the boundary layer (B.L.), due
to weight and velocity considerations, only
the following two techniques could realis-
tically be applied to airships:
i. Prevention of transition to turbulent
flow and/or prevention of separation
of the boundary layer (whether laminar
or turbulent) by the use of suitable
shapes (such as laminar airfoils);
2. Suction applied to the boundary layer.
The first is a passive technique, requiring
no expenditure of energy to maintain boun-
• dary layer control, while the second method
is active and energy intensive.
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6.3,1,1 PASSIVE BOUNDARY LAYER CONTROL:
PREVENTION OF TRANSITION BY USE
OF SUITABLE SHAPES
It is generally known that a laminar
boundary layer can support only very small
adverse pressure gradients without the
occurrence of separation. In the case of
turbulent flow, however, the chance of
separation is reduced compared to that of
laminar flow due to the fact that in tur-
bulent mixing motion there is a continuous
exchange of momentum from the external flow
towards the wall. Even for turbulent flow
however, it is desirable to prevent separa-
tion by adopting a suitable shape.
Wind tunnel tests on bodies of revolu-
tion based on the well-known NACA Series
6 Profiles have revealed that laminar flow
is preserved up to Reynolds numbers of
about 5 x 106. This laminarity of the
boundary layer is retained as the result
of the stability effect of a substantial
pressure drop down the length of the body.
At high Reynolds numbers, however, the
advantageous pressure gradients cease very
close to the bow, at about 10 percent of
the hull length, which means that laminarity
at high Reynolds numbers is not maintained
over most of the hull (ref. 6-5). That
is, laminar characteristics cannot be ex-
pelted for bodies of revolution with pro-
files based on the NACA Series 6 when the
Reynolds number exceeds 107 . In the pres-
ent study, the Reynolds numbers at cruise
conditions is about 3 x 108 for Phase I and
4 x 108 for Phase II; hence the major
portion of each hull can be expected to be
submerged in a turbulent boundary layer
unless a suitable hull shape is employed.
By choosing the proper shape, it may be
possible to shift the point of transition
in the boundary layer in the downstream
direction, thus causing the drag coefficient
to decrease, because laminar frictional drag
is smaller than turbulent frictional drag,
as shown in Fig. 6-7.
It has been established that the loca-
tion of the point of transition in the bound-
ary layer is strongly influenced by the
pressure gradient in the external stream;
therefore, with a decrease in pressure,
transition occurs at much higher Reynolds
numbers than with pressure increase, and
furthermore, a decrease in pressure has a
highly stabilizing effect on the boundary
layer. The desired result is achieved by
shifting the section of maximum thickness
rearwards, thereby causing a large portion
of the hull to remain under the influence
of a pressure which decreases downstream
and results in maintaining a laminar bound-
ary layer. On the basis of Figure 6-3,
which compares the pressure distributions
across cylindrical, elliptical, and para-
bolic bodies of revolution, it is seen
that _he favorable decreasing pressure
down the length of the latter body indicates
that it should be possible to maintain a
laminar boundary layer at the high Reynolds
numbers of large airship hulls using para-
bolic nose shapes.
6,3.1,2 ACTIVE BOUNDARY LAYER
CONTROL: SUCTION
By means of a suitable arrangement
of slots in the hull of an airship, it should
be possible to remove the decelerated fluid
particles from the boundary layer before
they encounter a sufficiently high adverse
pressure gradient which could cause separa-
tion. Prevention of separation greatly
reduces pressure drag on the hull. By
applying suction, it is Rossible to shift
the transition point downstream. Another
effect of suction is to reduce the boundary
layer thickness both before and after the
transition point. Again, this has the effect
of lowering the drag coefficient because
laminar frictional drag is significantly
smaller than turbulent drag. Conceptual
studies and proposals for boundary layer
control on airships (ref. 6-13, 6-14, 6-15)
would seem feasible in the light of favor-
able but limited experimental results in
this area (ref. 6-16, 6-17).
While more experimental work is needed
before the actual benefits in reduced pres-
sure drag versus the trade-offs in increased
weight and fuel consumption can be assessed,
the present study does recommend stern pro-
pulsion as a possible means of increasing
the momentum of the boundary layer, thereby
minimizing the chance of separation. This
benefit, if realized in practice, would be
a bonus in addition to several other out-
standing advantages of stern propulsion,
as will be discussed in paragraph 6.6.
6,3,2 HULL FORM: DRAG CONSIDERATIONS
Airship design has not yet been stand-
ardized to a single optimum shape. The
problem of aerodynamic improvement in hull
shape resolves itself into finding the form
of least drag for a given volume.
Hulls are specifically designed to
minimize pressure (or form) drag. The air-
flow boundary layer around a well-designed
hull should remain attached to the surface
until far aft, with the result that pres-
sure buildup at the bow is balanced by
similar pressures on the stern. An ideal
hull has no form drag, in that no separa-
tion of the boundary layer occurs and stag-
nation pressure on the bow is balanced by
pressure buildup on the stern.
While form drag on a streamlined,
slender hull (with small frontal cross-
sectional areas) can be quite small, fric-
tional drag acting tangentially across the
exposed hull's surface will always be pres-
ent. Reqardless of the smoothness of the
hull, frictional drag is still substantial
and is the largest single drag component
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of airships andsubmarinesat all speeds(ref. 6-18).
Whenlengtheningthe hull to larger
fineness ratios, pressuredrag canbe re-duced,but at the expenseof increasing the
surface area for a given value. This hasthe effect of increasing surface frictional
drag. Onthe other hand, loweringthe fine-
nessratio improvesthe area to volume
ratio, thereby loweringthe frictionalforces for a given volume,but with the
result that pressuredrag is nowincreased.
In reality, experimentallydetermined
d_agas a function of finenessratio (forglven volume)exhibits a broadnearly
at minimum,ranging fromL/D = 4 to 8(ref. 6-12)•
In view of sucha poorly defined opti-
mumfinenessratio, structural considera-
tions, as well as problems of construction
and ground handling, have largely dictated
_he final choice of airship hull geometry.
Form drag is generally considered negligible
for fineness ratios greater than about 5
(ref. 6-11).
While the exact mathematical form of
an airship f9 r minimum drag should be
based on additional model and wind tunnel
testing, a few general observations can be
made. For example, the.entire hull profile
should be a smooth meridional curve preserv-
ing continuity in the first and second
derivatives (ref. 6-12). This indicates
that parallel, cylindrical center sections
should be avoided (even though the penalty
with respect to overall drag is not particu-
larly severe), and this has been done in
the present design study. On the basis of
linearized theor_ a procedure is given in
ref. 6-19, for computing the shape of a
body of r_volution such that the pressure
drag for a given set of conditions is
minimized. It can be shown that this pro-
cedure produces symmetrical hulls that are
(unexpectedly) slightly blunted at both
ends. The shape of such an optimized bow
section differs from an ordinary parabola
only in the vicinity of the nose itself.
Therefore, final decisions about the
exact mathematical details concerning hull
geometry should be based on actual modeling
and testing for drag, stability, and bound-
ary layer control•
6.3,3 CALCULATION OF DRAG COEFFICIENTS
The zero lift drag for both airship
phases was calculated from a procedure rec-
ommended by Hoerner (ref. 6-11) and used
by Havill and Williams (ref. 6-2). This
method consists of summing the individual
component drag coefficients as follows:
C D = CDHull + CDFin s + CDEngines
+ _D Misc. (6-6)
where the drag coefficients are based on
the total hull volume to the 2/3 power•
It should be noted that V2/3, having units
of area, represents a reference area for
the airship. For Phase I, V2/3 = 2.14 x
103m 2 (2.30 x 104ft 2) and for Phase II,
V2/3 = 4 87 x 103m 2 (5.24 x 104ft2).
6,3,3.1 HULL DRAG
The relationship between CDBul I and
the surface frictional drag is glven in
(ref. 6-11) as
CDHull = Cf[4(F) I/3 + 6(F)-I/2 + 24(F) -2.7]
= 8.02Cf (6-7)
where the fineness ratio F = (length/
maximum diameter) = 5 for both Phase I and
Phase II.
For Phase II, which will be used for
illustrative purposes, the Reynolds number
(based on length) at cruise conditions is
_.77 x 108 , yielding a frictional coefficient
Cf = 0.0020 extrapolated from (ref. 6-11,
p.6-16, fig. 22) for F = 5. From eq. 6-7
above, this yields CDHul I = 0•0160 at
cruise conditions. A_ Vma x, the Reynolds
number increases to Re = 6.29 x 108 , yield-
ing a slightly lower value for the friction-
al coefficients, namely Cf = 0.0018. Again,
from eq 607 CDH.I 1 = 0.0144 at Vma x =
44.7 meters/secon_ (100 miles/hour).
6,3.3,2 FIN DRAG
Using a typical airfoil, such as the
NACA 0009 [thickness (t) equals 9 percent
of the chord, c] for basic calculations,
yields a Reynolds number Re = 2.5 x 107
for a mean aerodynamic chord of 17.1 meters
(56 feet) at cruisevelocity. From the
pl0t of Cf vs. Re, the frictional coef-
ficient is found to be Cf = 0.0026. From
Hoerner (ref. 6-11, p. 6-9), the fin drag
coefficient based on frontal area So is
given as
(t) -I (t) 3
CD0 = Cf[4 + 2(3 ) + 120 (3) ] (6-8)
Hence, for the NACA 0009 airfoil, CDo =
0.068Cf, based on the frontal area
of the fins; converting to (Volume)2/3
yields
CDfin s = 0.068 ( So ) _ 0.0011• (6-9)
(V2/3)
Therefore, the total drag coefficient of
hull and fins becomes
CD = 0.0160 + 0.0011 = 0•0171 at cruise
alrspeed and C D = 0.0144 + 0.0011 =
0.0155 at Vma x. While the drag of engines
and strut mounts is difficult to calculate
accurately, an estimate based on the pro-
cedure of (ref. 6-2) can be used to show
that the drag coefficient for the four side
engines of Phase II, mounted in streamlined
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nacelles, is CD -- = 4 2 x 10 -5 , a
.... nace±±es
neglzglble value. The struts or engine
mounts will contribute several times more
strongly than the nacelles to the total
drag coefficient, but can still be neglec-
ted to a first order approximation. It
should be noted that even on the much
smaller Dynastat, V2/3 = 800m 2 (8600 ft2),
which has a very unfavorable area to volume
ratio compared to the vehicles in the pre-
sent study, the six engines made only a 2
percent contribution to the total drag
coefficient.
It can be expected that with proper
streamlining the greatest drag component
will be skinrfriction arising from the hull
and fins. For the present study, the larger
value of drag coefficient, C D = 0.0171 was
used for Phase II, while an identical cal-
culation for the smaller, but faster Phase
I airship with only two exposed engines
yielded a somewhat higher dra_ _oefficient:
C D = 0.018, again, based on V / .
These low drag coefficients reflecting
Improvements in modern streamlining are
quite consistent with full scale deaccel-
eration tests conducted on various rigid
airships. For example, tests on the R-33
yielded C D = 0.0173, a value approximately
4 percent higher than predicted by complete
model tests (ref. 6-10), and the gross drag
coefficient of the U.S.S. Macon was given
as C D = 0.019 (based on V2/3), (ref. 6-12).
6,4 AERODYNAMIC LIFT AND INDUCED DRAG
is eV = 16"5°" For a horizontally orient-
ed elliptical cross section hull, with a
frontal span to thickness ratio = 2, e v =
90 . For a vertically oriented eliptical
hull cross section with a frontal span
to thickness ratio a/b = 0.5, eV >200.
The plots of C L vs _, angle of attack, are
shown in Fig. 6-11. These calculations
agree very well with experimental data
obtained by Harrington (ref. 6-2).
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6.4,1 AERODYNAMIC HULL LIFT
When an airship is propelled through
the air at an angle of attack _, lift forces
are generated in a manner similar to that
of an airplane wing. It is true that the
traditional airship's shape as a wing is
poor and its aspect ratio is very small,
but the size of the hull is so great that
substantial dynamic lift can be generated
during flight in a nose high attitude.
A limited amount of practical work is
available with regard to the lift generated
by three dimensional lifting bodies at the
low velocities and high Reynolds numbers
characteristic of airship hulls. The lift
coefficient calculations for this study
were accomplished by the use of
C L = Kp sin _cos2e + K V sin 2 (e-_v)COS
(_-_V) (6-10)
(ref. 6-20, p. 4.2.1.2-3), where K V = w, and
for a circular cross section Kp = 0.25.
Corresponding to a fineness ratio F = 5, the
reciprocal of F can be considered an effec-
tive aspect ratio, A = 0.2, and the angle
of attack for the onset of viscous lift
From this information the hull only
lift of the Phase I and the Phase II craft
was calculated and is shown in Fig. 6-12.
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FIGURE 6-12
DYNAMIC LIFT OF HULL
AS A FUNCTION OF
AIRSPEED AND ANGLE OF ATTACK
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The area used for these calculations is the
hull planform area which was calculated as
A = 0.8 (D x L) where D = maximum hull dia-
meter and L = hull length.
6,4.2 EMPENNAGE DESIGN CONSIDERATIONS
In order to correct the inherent direc-
tional instability of a long streamlined
hull, airships have traditionally been equipped
with tail fins or empennages. While the
action of these fins can, to first approxi-
mation, be analyzed by airplane wing theory,
their true aerodynamic properties are rather
difficult to compute on the basis of classi-
cal wing theory because of the following
secondary reasons:
i. The traditional airship fin, due to en-
gineering reasons and hangaring require-
ments has been long, resulting in a
very low aspect ratio. This causes
spill over the edge to become important;
hence the fin acts more like a wing
tip than a true wing.
2. The roots of the fin are in a low velo-
city region within the boundary layer
of the hull.
3. The angle of attack of the fins is in-
fluenced by the downwash from the for-
ward portions of the hull. The magni-
tude of this induced force will vary
over the length of a long fin.
4. The hull thickness between opposite
fins is so large that it greatly
affects the flow about the forces on
the exposed fin surfaces.
While past practical experience has
shown that a wide variety of fin forms and
arrangements have been used with reasonable
success, the final choice should be based
on extensive wind tunnel testing. In the
present study, however, the following rec-
ommendations will help meet some of the
above problems peculiar to airship fins:
i. The fins should have a higher aspect
ratio to minimize spill over and tip
effects. Structural and hangaring
problems with such fins will not be
as they were in the past.
2. The fins should be moved forward in the
style of ZMC-2. This effect, coupled
with the higher aspect ratio, will
partially lift the fins out of the
lower velocity turbulent boundary
layer thus increasing the effectiveness
of the control surfaces. Moving the
fins forward, however, results in a
slight hull destabilizing effect.
6,4.3 EMPENNAGE LIFT
Method I: A first approximation to the
lift on a fin may be obtained on the basis
of conventional airplane wing theory (ref.
6-12) as
L = 2_qS_ (6-11)
1 + 2S/b 2
where q = i/2p_v 2 = dynamic pressure head
S = the fin planform area (including
the "buried" area through the hull)
e = angle of attack = pitch angle
b = fin effective span
c = fin chord
A = exposed (planform area of either
the horizontal or the vertical
surfaces)
Method II: If we assume that the hull
at the location of the fins is sufficiently
thick to minimize carryover through the hull,
then we can use the basic lift equation
L = CLqA (6-12)
where A = the exposed area of the horizon-
tal fins (approximately half of the wetted
exposed area). Taking the NACA 0009 as a
typical airfoil (thickness to chord ratio
9 percent), then the lift is C L = 0.35 at
a nominal angle of attack e = 5 ° and at
Reynolds number comparable to that of the
present design. The tabulated results of
both methods are shown in Table 6-1 for
Phase I, _ = 5° . Method I, based on com-
plete carryover of wing effectiveness
through the hull, is probably high, while
Method II, based on lift due to exposed fin
area only is conservatively low. While it
is reasonable to assume the true lift value
will lie somewhere between these two ex-
tremes, the more conservative fin lift values
of Method II based on an actual airfoil
(NACA 0009) will be used in calculating the
drag induced as the angle of attack varies.
6,4,4 TOTAL AERODYNAMIC LIFT
The total aerodynamic lift (hull and
fins) is graphed in Figure 6-13 for _ = 5° ,
a nominal pitch angle for airship operation.
During the better part of most missions,
the flight attitude of the airship lies
between _ = _5 °, with little lift benefit
gained above e = 10 ° . Due to the penalty
of induced drag, the most economical flight
mode will occur for _ = 0 °.
6,4,5 INDUCED DRAG
The induced drag component (drag due
to aerodynamic lift) of the airship with
fins increases with the angle of attack
approximately as the product of lift and
tan e. That is, D i = L tan e. This holds
for airship hulls, with or without fins,
over a wide range of angles of attack
(ref. 6-12). Hence as the angle of pitch
increases so does the lift, and at the
same time the induced drag forces increase.
Therefore, as a consequence of the increased
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Velocity
m/sec (mph)
8.94 (20)
17.88 (40)
26.82 (60)
35.76 (80)
TABLE 6-1
COMPARISON OF EMPENNAGE LIFT
CALCULATION METHODS PHASE I cx, = 5°
Method I Lift Method IT Lift
Newtons, i0_ (ibs, i0 _) Newtons_ 103 (ibs, i0 J)
7.65 (1.72) 4.58 (1.03)
30.51 (6.86) 18.33 (4.12)
68.72 (15.45) 41.23 (9.26)
122.14 (27.46) 73.30 (16.48)
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FIGURE 6-13
TOTAL AERODYNAMIC LIFT (HULL + FINS)
AT PITCH ANGLE _ = 5 °
AS A FUNCTION OF VELOCITY
drag, the airship's forward velocity drops
at a constant power setting. On the other
hand, the power during pitched flight must
De increased to maintain the same forward
velocity experienced during axial flight
(_ = 0). Therefore, the penalty of gaining
aerodynamic lift through pitched flight is
to lower the range of the airship through
the increased power demands in order to
maintain normal cruise velocity. This
effect of range is illustrated for Phase
I at u = 5° as a function of velocity in
Fig. 6-14. It is seen that the _hase I
cruise conditions (with no fuel reserve)
of 965 kilometers (600 miles) at 35.76
meters/second (80 miles/hour), is reduced
to 676 kilometers (420 miles) for _ = 5° ,
if t_e same velocity is to be maintained.
This represents an increase in aerodynamic
lift of 1.45 x 105 newtons (32,600 pounds)
with the penalty of having to increase the
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EFFECT OF ANGLE OF ATTACK ON RANGE
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power requirements approximately 42 percent
above axial Cruise conditions.
6,5 PERFORMANCE PARAMETERS.
6,5,1 PROPULSIVE POWER VS, AIRSPEED
The aerodynamic drag at velocity v is
given as
D = i/2pV2CD v2/3 (6-13)
where p = mass density of air
V = total hull volume displacement
C D = drag coefficient based on
(Volume) 2/3
The propulsion requirements for the airship
can be determined from the relationship
between power, force (drag), and velocity,
where
Power = D x v (6-14)
Power = I/2pV3CDV2/3 (6-15)
This formula, which assumes no power trans-
mission losses, can be modified to include
the total propulsion efficiency _T as follows:
Power = CDPV3V2/3
2q T (6-16)
For both Phase I and II the overall propul-
sion efficiency is assumed to be 0.80 which
82
is somewhat below typical propeller effi-
ciencies of 0.85. The density of the
standard atmosphere at cruise altitude
was used for both phases. The drag coef-
ficients, as previously calculated, are
used in eq. 6-16 which is plotted in
Fig. 6-15. The sizing of engines is based
on the propulsive power requirements at
maximum speed as taken from this power-
velocity curve. For Phase I this is 2.09 x
106 watts (2800 horsepower) and for Phase
II, 4.57 x 106 watts (6125 horsepower).
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FIGURE 6:15
VARIATION OF REQUIRED
HORSEPOWER WITH AIRSPEED
In view of the fact that power is pro-
portional to the cube of the velocity,
severe demands are made on power for even
modest increases in airspeed. For example,
in order for the Phase II airship to in-
crease its speed only 4.47 meters/second
(10 miles/_our) above cruise velocity, it
will require a 59 percent increase in power.
For either the Phase I or Phase II airship
to double its velocity anywhere along the
power-velocity curve requires an eight-
fold power increase. This strong velocity
dependence on the power requirements makes
it readily apparent that lower speeds will
quickly yield greater endurance and economy
of operation from the standpoint of fuel
consumption.
6,5.2 MISSION CAPABILITY: PAYLOAD
RANGE SUMMARY
The performance of both airships
during a mission, in terms of cargo weight
carried as _ function of range, is illus-
trated in Fig. 6-16. As indicated, the
design points under cruise conditions are
2.27 x 104 kilograms (25 tons) at 35.8
meters/second (80 miles/hour) for Phase I,
and 9.07 x 104 kilograms (I00 tons) at
26.8 meters/second (60 miles/hour) for
Phase II. It is readily apparent that
even modest increases in speed result in
a rather severe penalty in decreased
range for a fixed fuel capacity. This
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FIGURE 6-16
PAYLOAD RANGE SUMMARY
emphasizes the direct one-to-one trade-off
between fuel and cargo weight. The basic
fuel weight necessary at cruise conditions
in still air can be obtained from the equa-
tion
SFC x POWER x RANGE (6-17)
Wf = VELOCITY
where the specific fuel consumption (SFC)
is assumed to be 0.30 kilograms/kilowatt-
hour (0.5 pounds/hp-hour).
The power corresponding to the airship
velocity is obtained from Fig. 6-15. Once
the basic fuel weight is known for a given
mission, then the range of the airship in
still air can be solved from eq. 6-17 as a
function velocity.
From Fig. 6-16, it is readily apparent
that range drops rapidly with increasing
velocities. For example, the 3218 kilo-
meter (2000 mile) Phase II mission at
cruise velocity, drops to 1160 kilometers
(720 miles) at 44.7 meters/second (i00
miles/hour). The vertical intercepts on
the mission capability graph yield the zero
range, dead-lift maximum cargos of the air-
ships. For example, at zero range, both
the Phase I and Phase II airships can swap
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fuel (with a 20percent reserve) andcargo
on a one-to-one basis to increase their
cargo loads by approximately 13 percent
above the design point.
It is interesting to consider the
other extreme of the cargo-range performance
relationship. If the airships were flown
with all cargo replaced by usable fuel,
which is in addition to the nominal fuel
load (at 20 percent reserve), then the de-
sign point cruise ranges are multiplied
by the factors tabulated in Table 6-2.
TABLE 6-2
RANGE FACTORS FOR NO CARGO
Range Factors
Phase I Phase II
Velocity R/Rcruise R/Rcruise
m/sec (MPH)
17.88 (40) 42.08 23.11
26.82 (60) 18.67 10.27
35.76 (80) 10.5 5.78
44.70 (i00) 6.73 3.70
This means that Phase I, with an en-
durance of 78.8 hrs, could travel 10,800
kilometers (6300 miles) at cruise velocity_
at half its normal cruise velocity, how-
ever, it could circumnavigate the earth
in 631 hours. Phase II has an even more
impressive endurance capability. At
normal cruise velocity its range would be
33,050 kilometers (20,540 miles), while at
2/3 cruise velocity its range is extended
to 74,368 kilometers (46,220 miles) with
an endurance of 1155 hours (6.88 weeks).
While such zero cargo extreme endur-
ance missions are possible, relief crews
and increased expendable provisions would
undoubtedly reduce these figures somewhat.
Trim and ballast control would be of para-
mount importance on any long endurance
mission. Possible solutions include in-
flight water recovery (easy wi£h convention-
al gasoline engines, but increasingly dif-
ficult with diesels and gas turbines),
collection of condensed moisture from the
airship hull itself (pioneered by the Graf
Zeppelin), and direct water pump-up (by
means of extended hoses) from lakes, oceans,
or designated bases, including ships.
Ballast adjustment to replace consumed
liquid fuels should occur no more often
than once each 24 hours, amounting to only
2134 kilograms (4704 pounds) at 2/3 cruise
velocity and 7144 kilograms (15,876 pounds)
at 26.82 meters/second cruise (60 miles/
hour) for Phase II.
Missions of extreme duration would be
valuable in wildlife and resource sur-
veillance and intercontinental cruises
("Show of the Flag") for national prestige
and international goodwill, in addition to
providing airbourne military command posts.
6,5.3 EFFECT OF HEADWINDS (PHASE II)
In general, the airships will seldom
operate in still air, and allowances must
be made for additional fuel in order that
the craft can operate at cruise velocity
over a wide range of atmospheric conditions.
The range and endurance of an airship can
be greatly reduced by the action of head-
winds as is seen in Fig. 6-17. The hori-
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FIGURE 6-17
EFFECT OF HEADWIND ON RANGE
zontal intercepts represent zero ground
speed, in which case the airship is making
no forward motion. This situation, however,
could be considered normal if the craft is
pointed upwind in a station-keeping or ex-
tended hovering mode of operation. For any
headwind V w > 0, speed will be sacrificed.
The performance of Phase I under the
influence of headwinds is analogous to
that shown for Phase II.
6,5.4 DRAG TO WEIGHT CHARACTERISTICS
An important parameter for the compari-
son of the performance of Heavier-than-air
(HTA) craft is the drag to lift ratio. In
the case of a fully buoyant or LTA craft,
where gross buoyant lift is equal to gross
weight, the ratio becomes drag to gross
weight. For large, fully buoyant craft,
this ratio is largely governed by surface
frictional forces; therefore, the friction
coefficient Cf becomes the best index of
the vehicle's energy consumption and is
probably the single most important deter-
minant of its economic performance. This
is illustrated by the following argument:
The energy E consumed per trip of
range R by an airship having total
operational weight W and drag D,
is given as
E = DR (6-18)
If T = the measure of transporta-
tion effected (say kg.km or ton-
miles), then
T ~ WR (6-19)
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Hence,the ratio of energy consumed
to transportation generated is just
the drag to weight ratio: that is,
E D
~ W (6-20)
The drag to weight ratio, therefore, is
intimately related to the transportation
efficiency, in that a vehicle of the type
under consideration consumes fuel in direct
proportion to its D/W ratio, and as this
ratio goes up, the range and endurance of
the craft decreases. The drag to weight
ratio can easily be shown to be directly
proportional to the square of velocity v
and inversely proportional to the length
of the airship L (ref. 6-18): that is,
D v 2
W ~ L (6-21)
This relationship supports the design
philosophy of the present study that an
airship should be fairly large and operate
at low speeds for greatest economy based
on purely aerodynamic considerations.
Therefore, the larger Phase II airship,
operating at a lower cruise velocity than
the Phase I craft will show a lower, hence
more favorable drag to weight ratio as
shown in Fig. 6-18. Both vehicles, however, t'lllllll
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FIGURE 6-18
VARIATION OF DRAG TO
LIFT RATIO WITH AIRSPEED
due to their fully buoyant design are truly
floating craft whose D/W characteristics
are much better than that of all types of
HTA craft whose lift is generated by aero-
dynamic forces derived from relatively high
expenditures of energy
6,5,5 TOTAL LIFT SUMMARY
The major sources of lift for the Phase
I and II airships, presented in Fig. 6-19,
include
i. the gross static lift
2. the VTOL capability, including Thrust
Vector Control (T.V.C.)
3. the aerodynamic lift at cruise condi-
tions.
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TOTAL LIFT SUMMARY
By far, the greatest lift component
is due to the static buoyant lift at take-
off. This is measured at sea level in the
standard atmosphere and for an assumed
helium purity of 95 percent and is 2.68 x
106 Newtons (300.7 tons) for Phase II and
7.65 x 105 Newtons (86 tons) for Phase I.
With the present hull construction, modern
ballonet films and elastometers, and im-
proved purification techniques, it should
be possible to maintain helium purity above
98 percent, thereby resulting in an added
static lift benefit.
The maximum thrust available for Ver-
tical Takeoff and Landing (VTOL) from the
side-mounted engines is 1.78 x 105 Newtons
(20 tons) for Phase I and 3.56 x 105 New-
tons (40 tons) for Phase II. Additionally,
a maximum increase of 1.5 percent lift
could be provided by the compressed air
thrustors. Normally, these thrustors would
never be used to produce VTOL lift, but
rather would serve to provide Thrust Vec-
tor Control (TVC).
The aerodynamic lift is also presented
in Fig. 6-19. At cruise conditions and a
5° angle of attack, it amounts to approxi-
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mately 7.3 percent of the total static lift
for Phase II and 19.8 percent for Phase I.
While much of the aerodynamic lift of the
Phase I ship is due to its higher cruise
velocity, even at the same speed, the smaller
ship will produce a greater percentage of
aerodynamic lift to its total static lift,This
is consistent with the fact that aerodynamic
lift is proportional to the square of the
linear dimensions of the ship (area) while
the buoyant lift is proportional to the
cube of the dimensions (volume). In con-
clusion, the lift summary indicates that
loads due to rain and sleet (which are
also proportional to surface area) as well
as variations due to superheat (as dis-
cussed in Chapter 8 under Thermodynamic
Management of Lift) should not, under most
circumstances, seriously affect the perfor-
mance of either airship. In many cases,
normal superheat for the airships (particu-
larly while at cruise conditions) will only
be a small perturbation on the total lift
summary diagram.
6,6 PROPULSION SYSTEM-INTRODUCTION
The primary propulsion system for the
airship must provide
i. The forward forces necessary to meet
the airspeed requirements of the
airship.
2. _he vertical lift and downward forces
necessary to provide the required
hover and load-lift capabilities.
Additional propulsion system require-
ments and capabilities which must be taken
into consideration and evaluated in terms
of trade-off advantages and penalties
include the following:
i. minimum specific weight, kilograms/
kilowatts (pounds/hp)
2. minimum specific fuel consumption (SFC)
3. ability of the engines or the propellers
to be swivelled or gimballed to vary the
thrust direction
4. ability to meet the environmental re-
quirements for noise and pollution
5. the availability of the system with
little or no further development
6. low maintenance costs
7. reliability
8. use of available and low cost fuels.
The first two considerations alone are
of primary importance in choice of a pro-
pulsion system for airships. Therefore,
the 1975 state of the art specific engine
weight and specific fuel consumption is
presented in Fig. 6-20 for comparison among
the various engine types.
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STATE OF THE ART OF TYPICAL ENGINES
Five alternative power plants for the
missions to be undertaken by the airships
were examined for this project:
i. Reciprocating Piston (OTTO cycle)
2. Reciprocating Piston (Diesel)
3. Rankin Cycle Engine
4. Turbojet
5. Turboprop
6,6.1 RECIPROCATING PISTON ENGINES
(OTTO CYCLE)
The reciprocating gas engine (Otto
cycle), which is readily available, has a
SFC comparable to the gas turbine. Super-
charged, the SFC is even better; however,
this adds a degree of complexity which
decreases the engine reliability and in-
creases maintenance costs with an addi-
tional weight penalty. The specific weight
of this engine, though less than that of
the diesel, is still excessive compared to
the gas turbine. Also, the fuel cost is
higher than with either diesel or gas tur-
bines and the risk of fire is significantly
higher.
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6.6.2 DIESEL ENGINES
While the reciprocating diesel engine
has the most favorable SFC, it is penalized
by a low power to weight ratio and is prob-
ably incapable of being developed beyond
about half the size of the gas turbine.
Therefore, its low SFC will be effective
only over missions of long endurance.
The Nomad diesel engine which operates
on a compound cycle is an interesting engine
to examine for use in airships. The special
advantage of the Nomad is its very low SFC
of _.21 kilogram/kilowatt-hour (0.35 pounds/
hp_our). The air is first compressed by
means of the turbo-compressor and then enters
the diesel portion of the engine. The com-
pressor itself is driven by exhaust gases
from the engine. The Nomad is a fairly com-"
plex engine, consisting of 12 cylinders and
provides a maximum power of 3058 kilowatts
(4100 hp). The engine, which was developed
by Napier of England in 1954, is not believed
to be available today; however, its low SFC
of a low grade fuel could make it more
attractive for airship use in the future
(ref_ 6-22).
¢
6.6.3 RANKINE CYCLE ENGINES
It is of interest to examine a hydrogen
fueled Rankine cycle engine for possible air-
ship use. Due to the high heating value of
liquid hydrogen per unit weight of fuel, a
possible specific fuel consumption of .0911
kilograms/kilowatt.hr (0.15 pounds/hp.hour)
is reported. This estimated low figure,
along with the nonpolluting combustion pro-
ducts, makes this an interesting condidate
for airships on missions of extreme dura-
tion where t_e ultimate goal of airship
engines would be the highest overall effi-
ciency based largely on low specific fuel
consumption criteria.
The problems with this type of approach
are numerous but include the following:
I. Massive cost requirements to develop
the new engine.
2. Very low volumetric heating value of
hydrogen (approximately one-fourth
that of hydrocarbon fuel).
3. Very large heavily insulated fuel tanks
to contain liquid hydrogen.
4. Heavy system components [estimated at
8,548 kilogram (18,850 pounds) to pro-
duce 1492 kilowatt (2000 horsepower)].
This is compared with a turboprop
engine using hydrocarbon fuel which
will produce 1492 kilowatt (2000 horse-
power) and weigh less than 272 kilo-
grams (600 pounds).
6.6.4 GAS TURBINE ENGINES
The most suitable power plant for pro-
pulsion of airships is the gas turbine. It
has been developed to a high degree of
perfection, reliability, and efficiency.
It offers a high power to weight ratio with
simplicity of installation. Any number of
light weight gas turbines have been used
in helicopters and other VTOL craft. Table
6-3 lists some representative gas turbines
and indicates the range of available engines.
A SFC of 0.3 kilograms/kw-hr (0.5 pounds/
hp/hr) has been assumed in the present study.
Several gas turbines under development at
the present time have improved this figure
considerably. The many advantages, in-
cluding light weight, low maintenance, free-
dom from vibration, and simplicity, make
the gas turbine propeller unit (turboprop)
the best propulsion unit for airships in
the 1970's.
The turbojet engine was ruled out be-
cause it is best suited to high speed flight
operations and its high temperature, high
velocity exhaust may crease unforeseen
problems during hovering operations invol-
ving ground personnel. At the same time,
compared to the turboprop, the turbojet is
highly inefficient during the hover mode
(ref. 6-24).
6,6,5 PROPULSION DURING HOVERING
Hovering or station keeping is one of
the most important aspects of the airship
operations. To accomplish many of the more
profitable missions, the ability to remain
in a stable position a short distance above
the ground while refueling or unloading
ballast or cargo is necessary.
6,6,5,1 ENGINE CONSIDERATIONS
The Phase I airship will have two
side-mounted engines and one stern-mounted
engine. The Phase II airship will have
_our side-mounted engines and one stern
engine. The side-mounted engines of th@
Phase I airship will be located at the
center of gravity of the airship whereas
the Phase II airship will have four side-
mounted engines approximately equal dis-
tances fore and aft from the center of
gravity so that equal moments may be pro-
duced to balance the cargo during load and
unload operations.
For example, and for purposes of siz-
ing and comparison only, the Phase I and
Phase II airships will use the Lycoming T-
53 L-13 turboprop engine or a similar ver-
sion of this engine. Not only is its
specific weight low but the structure sup-
porting it from the hull can be made much
lighter than with piston engines of com-
parable power. Furthermore, it requires
no major cooling and is so small and com"
pact that mounting them inside the hull
is not justified (each engine has a frontal
cross-section of 0.27m 2 (2.9 ft2). As a
typical turboprop engine, the T-53 L-13
engines have a takeoff rating of 1044
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TABLE6-3
TURBOPROPENGINES
U. S. Manufacturer
LYCOMING
GENERAL
ELECTRIC
ALLISON
T53-13B
LTC4V-I
PLT-27
ALF 502H
LTP
T58-GE-16
T58-GE-10
T65,GE-3
T64-GE-415
T64-GE-P4D
T-56-AI4
Forei@n Manufacturer
CANADA
FRANCE
ENGLAND
PT6A-41
PT6A-45
PT6A-50
PT6T-3
PT6T-6
ASTAZOU XVIG
ASTAZOU XX
ASTAZOU XVIII
TURMO III C4
MK 529
RS 360
H-1400-3
*IN DEVELOPMENT (adapted from ref. 6-23)
kilowatts (1400 shaft horsepower), a normal
power rating of 932 kilowatts (1250 shaft
horsepower), and a weight of 240 kilograms
(530 Ibs.). From the power vs. speed curve,
it can be seen that five such engines will
propel the Phase II ship at its maximum
velocity of approximately 44.7 meter/sec
(I00 miles/hour). The airship, operating
with one such engine mounted in the stern,
will be able to achieve a velocity of 25.5
meters/sec (57 miles/hour). The Phase I
airship is slightly overpowered with three
L-53 engines operating at cruise power, as
the ship would achieve a velocity of ap-
proximately 49.2 meters/sec (ii0 MPH).
Operating with stern engine only, the Phase
I ship would achieve a velocity of approxi-
mately 34.4 meters/sec (77 MPH). It is
interesting to note that both Phases, operat-
ing with a single L-53 stern engine at its
nominal power rating, will very nearly
achieve their design cruise velocity. It
is intended that the side engines on both
Phase I and Phase II will swivel through
90 ° allowing engine thrust to be directed
in either the vertical or horizontal plane.
SFC
Kg/ ib/ POWER
kw-hr hp-hr Kilowatts SHP
.35 .58 1044 1400
.249 .41" 3730 5000
.26 .43* 1529 2050
.25 .42* 4849 6500
.322 .53 388 521
.29 .48 2928 3925
.31 .51 2126 2850
.29 .49 2297 3080
.28 .47 3267 4380
.29 .48 2536 3400
.30 .50 3662 4910
.36 .59 634 850
.35 .57 713 956
.35 .58 671 900
.36 .60 932 1250
.36 .59 i010 1360
.32 .53 719 965
.28 .46 907 1217
.30 .50 768 1030
.36 .60 978 1312
.35 .58 1417 1900
.32 .53 619 830
.33 .54 1044 1400
This permits the craft to achieve VTOL
and hover capabilities with large varia-
tions in propulsion lift from the neutral
buoyancy condition.
6,6,5,2 PROPELLER CONSIDERATIONS
Th 9 three-bladed prop-rotors selected
for the airship designs are of a high-
twist design with a wide chord suitable for
both a lifting and normal flight mode. The
propellers will be fully reversible. Re-
duction gearing between the engine and
propeller-rotor is necessary to assure that
the propeller tip speed does not reach sonic
velocity. The design slipstream velocity
for this propeller is approximately 21.3
meters/second (65 feet/second) during hover
operations.
6,6,6 STERN PROPULSION
Wind tunnel tests were conducted at
the Langley Research Center in Virginia on
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a 6.72meters (20.5 foot) modelairship
using stern propulsion (ref. 6-25). The
items investigated were:
i. Variouspropeller designs
2. Propeller thrust3. Momentcharacteristics
4. Hull pressure, boundarylayer effects5. Wakecharacteristics
Someconclusionswhichmightbe made
from this investigation were
i. Sternmountedpropellers are moreef-
ficient becausethey operate in the low
velocity wakeof the airship.
2. Stern mountedpropellers, by adding
momentumto the boundarylayer, may
delay or help prevent separationof
the boundarylayer.
3. Airship crewandpassengerfatigue
wouldbe reducedbecauseof the noise
andvibration being so far from the
cabin.
It is intendedthat the stern propul-
sion unit be gimballed througha coneof
approximately15degrees. This will providethe pilot with an additional flexibility
andmaneuveringadvantageduring hovering
andflight operations.
6.6.7 THRUST VECTOR CONTROL SYSTEMS
The fine or vernier control of airship
position will be accomplished by the use of
thrustors, a concept developed and presented
in an unpublished design memo dated November
20, 1974, by V. H. Pavlecka of Turbomachines,
Inc., Irvine, California. These thrustors,
which consist of high energy air jets, will
be commanded by the onboard computer and
the pilot.
6.6,7.1 TYPE OF THRUSTORS
The thrustors as shown in Fig. 6-21
and Fig. 6-22 permit the computer selection
of any of five directions from each indivi-
dual thrustor. Phase I thrustors will pro-
duce 2240 newtons (500 pounds) of force
each and the Phase II thrustor will produce
4480 newtons (1000 pounds) each. The thrust
is produced by the use of compressed air
generated by an onboard compressor. The
air compressors are driven by auxiliary
power units. Typically, the continental
142 engine could be selected for this pur-
pose. 261 kilowatts (350 horsepower) may
be produced at the maximum continuous
rating condition with this auxiliary unit.
6.6.7.2 LOCATION OF THRUSTORS
The thrustors are mounted in two rows
around t_e airship located 90 ° apart and
as far forward and aft as possible.
THRUSTORS
224o  
(5OO,b  
EACH NO_,I:E / HIGH-'PRES-SURE AIR IN
18 THRUSTORS TOTAL]
13,440 NEWTONS (3OOOlbs.) UP
13,440 NEWTONS (3OOOlbs.) DOWN
17,920 NEWTONS (4OOOlbs} BACKWARD
17,920 NEWTONS (4OOOibs) FORWARD
13,440 NEWTONS (3OOOlbs.) LATERAL
COMPUTER CONTROLED
FIGURE 6-21
THRUSTOR SPECIFICATIONS - PHASE I
THRUSTORS
4480 N E_N_Tj)N_
(1000 Ib,_) THRUST/S_ ._'_
EACH NOZZLE/_ / INHIGH PRESSURE
18 THRUSTORS TOTAL I
26_880 NEWTONS (60001bs)UP
26,880 NEWTONS (60001bs)DOWN
35_40 NEWTONS (8000 Ibs) BACKWARD
35,840 NEWTONS (8000 I1_) FORWARD
FIGURE 6-22
THRUSTOR SPECIFICATIONS - PHASE I I
The location of the thrustors in the
forward and aft positions will produce
the max!mum moments for positioning
the airship during_ the hovering_ or
vectoring modes of operation.
6,6,7,3 THRUSTOR ENERGY REQUIREMENTS
AND PERFORMANCE
The Phase I airship will have eight
individual thrustors each of which will
provide a thrust of 2240 Newtons (500 pounds).
A maximum upward and downward force of
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13.440Newtons(3000pounds)maybe provided
by the thrustors. In addition, a backward
and forward force of 17,920 Newtor_s (4000
pounds) may be generated by the thrustors.
The Phase II airship thrustors are
similar to the Phase I airship thrustors ex-
cept that each will provide 4480 Newtons
(i000 pounds) of u.Lrust in any of five
possible directions. A maximum possible
upward and downward force of 26,880 Newtons
(6000 pounds) is_provided by the Phase II
thrustors and a maximum of 35,840 Newtons
(8000 pounds) in the backward or forward
directions.
The Phase II airship thrustors will
require approximately 8.16 kilograms/
second (18 pounds/second) of airflow when
operating and an exit velocity of Mach
No. 1.6 at the design operational condi-
tion. They should be small _nd light
weight [less than 11.33 kilograms (25
pounds)].
6,7 SUMMARY
In order to predict the performance and
flight characteristics of large airships, it
is necessary to determine the magnitude of the
principal aerodynamic forces and moments act-
ing on the vehicle. Due to an intense and
continuous period of development, such predic-
tions are quite reliable for conventional HTA
craft. The situation for LTA craft is quite
different, however. The scale of airships in
speed, size, shape, and mass distribution re-
quires extrapolations to Reynolds number
ranges, wetted surface areas, and vehicle re-
sponse rates which are unfamiliar to the modern
aeronautical engineer. In addition to the
fact that data relating to the aerodynamics
of airships are less numerous than for HTA
craft, most of the existing LTA technical lit-
erature dates back to the 1920-30's, a period
characterized by fairly rudimentary wind tun-
neling and flight test instrumentation. In
view of the shortcomings found in the body of
existing airship literature, it would be ad-
visable to conduct tests over the regions of
the very large Reynolds' numbers which will
characterize modern airships.
As this study has indicated, the airship's
total profile drag is dominated by hull and
control surfaces, the latter contribution com-
plicated by interference effects of the hull
on the fins. Conversely, bow planes, even if
relatively small, could produce substantial
interference effects on the hull itself. It
is very difficult to describe the flow fields
in the fully turbulent region o_ stern fins.
The problem is complicated even further if no
provision for BLC is made and the fins are
located behind the point of separation. This
undesirable separation of the fully turbulent
boundary .layer organizes into a set of body
vortices as the angle of incidence increases,
thus greatly perturbing the lift, stability,
and control characteristics of the fins.
Another empennage design complication is the
very pronounced carry-over lift induced be-
tween the hull and the fins (fins joined to
the hull may produce from 40-60% more lift
than the fins alone).
In this study the aerodynamic drag cal-
culations were based on hull and fin skin
friction considerations only. From the stand-
point of hull drag, this is consistent with
the observations of most investigators that
at fineness ratios above approximately five,
hull pressure drag is negligible compared to
frictional hull drag. If the hull's surface
area is reduced (by lowering the fineness
ratio), then the associated skin friction
will also decrease. However, this increases
the pressure drag resulting from the separa-
tion of the turbulent boundary layer from the
hull. Therefore, some type of boundary layer
control is desirable from the standpoint of
delaying or eliminating separation, thereby
(i) reducing hull pressure drag and (2) im-
proving the aerodynamic effectiveness of the
fins and control surfaces.
The rigid airship hull could be fairly
easily modified for active boundary layer con-
trol through suction slots, the extra duct-
work and power requirements would make this
a heavy, energy-intensive system. While more
research is needed in this area, passive tech-
niques can be used in an attempt to delay
boundary layer separation or at least to modi-
fy its adverse effects. Favorable possibili-
ties include adopting new hull shapes, apply-
ing stern propulsion, and increasing the as-
pect ratio of the fins and moving them some-
what forward along the hull.
Streamlining the hull and minimizing all
protrusions from the hull will improve the
overall airship drag profile. Due to the
small size of the modern gas turbine, retrac-
tion of engines not needed during low speed
cruise conditions will be unnecessary.
The gas turbine (turboprop) engine with
its high reliability and very favorable speci-
fic fuel consumption and power to weight ratio
is the best present choice of power plants for
airship use. Turboprop engines represent
virtually no technological risks and are avail-
able in many off-the-shelf models covering a
wide power range.
As liquid fuels continue to rise in price,
the most economical airships will be large,
fully buoyant craft, operated at low speeds.
While pressure rigid airships could be de-
signed for cruise conditions between 160-320
kilometers/hour (100-200 miles/hour), the
strong cubic dependence of propulsion power
on velocity makes high speed operation even
less attractive in the face of an energy crisis.
Fully buoyant airships have the highest lift
to drag ratio of any air vehicle, and like
any floating craft (a ship, for example) can,
by simply reducing power, achieve truly re-
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markableincreasesin both range, economyof 6-12
operation, andmissionendurance. It is
probablymoreaccurateto think of the air-
ship with its uniquecharacteristics as a 6-13fast ship rather than view it as a slow "air-
plane".
This chapter hasexaminedaerodynamic
considerationsassociatedwith the airship,s
airframe andpropulsiondesignandoperations.At the conceptualdesign level, this study
hasverified andacceptedthe immediate
technical feasibility of large airships.However,muchworkremainsto be donein the
various areasof aerodynamicoptimization be-for_ a productiondesign is undertaken.SELECTEDREFERENCES
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7,1 INTRODUCTION
From a'_tructural configuration view-
point, without regard to airship utilization,
mission, or aerodynamics, a logical relation-
ship can be shown for airship configurations
which have and have not been built in the
past. Figure 7-1 shows this airship con-
figuration relationship. From the simple
gas bag, the free-flight balloon the addition
of aerodynamic shape along with directional
and speed controls and devices leads to the
nonrigid airship. Directional in this case
is taken in the most general sense and in-
cludes the use of ballonets for vertical
motion.
If the fabric covering were replaced
by a metal skin, the pressure shell airship
would have been developed, but past material
and structural constraints lead directly to
the pressure monocoque due to the need for
stiffening transverse rings and longerons.
The ZMC-2, built in 1929 for the U. S. Navy,
was the only successful pressure monocoque
configuration ever built and flown. Further
data and description of this design form,
usually referred to as a metalclad or
pressure rigid in the literature, is given
in Paragraph 7.5. The pressure shell as a
pure form has not been built, and is
therefore shown within a dashed outline.
Another direction was also taken to
provide some alternative structural form
to support loads--the addition of a stiff
exterior keel and thereby the creation of
the semirigid airship. This configuration
was not fully successful in the past for it
was found that the relatively stiff keel
placed excessive forces into the flexible
envelope. This form might be of interest
for future development if sufficient artic-
ulation and flexibility could be attained
while still providing the load carrying
ability required for a cargo-carrying air-
ship.
If the semirigid airship logic is
further extended so that ballonets are
replaced by individual gas cells and com-
plete exterior framing is used, the rigid
airship configuration is the result.
The use of exterior framing required
the use of an exterior fabric for aero-
dynamic purposes and the use of netting
and additional framing to transfer the gas
cell load to the airship's structure. If
these coverings and load transfer structures
were replaced by a stiffened shell, thereby
gaining overall structural length improve-
ment in addition to performing the covering
and containment functions, the semi-
monocoque rigid configuration occurs. This
again is a configuration which has not been
built in the past.
Had lift gas compartmentation and a
strengthened hull and framing to accommodate
this compartmentation been added to the
previous metalclad design, as well as
possible hullpenetrations, the semi-
monocoque rigid configuration would have
evolved.
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FIC,URE 7-1
AIRSHIP CONFIC_URATION RELATIONSHIPS
7,2 STRUCTURAL CONFIGURATION EVALUATION
As airship buoyancy gas volumes in-
crease, such as from the nonrigid to the
rigid configuration, physical designs or
mechanisms are necessary to contain, re-
strain and manipulate discrete volumes in
order to
i. Prevent total, catastrophic ship fail-
ure in the event of partial envelope
rupture
2. Vary the magnitude of lift along the
length of the airship
3. Prevent or reduce gas "surging" due to
acceleration/deacceleration or rapid
altitude changes
4. Trim and stabilize the ship
5. React to the expansion and/or contract-
ion due to altitude and/or meterological
changes, and to possibly
6. Pressurize the gas to maintain aero-
dynamic shape and/or reduce the hull
compressive stresses due to the aero-
dynamic moment
The first three requirements have
usL_ally been met by gas envelope compart-
ments; the last three by use of some form
of ballonet. Small nonrigids of up to
42.5 x 103m 3 (1.5 x 106 ft. 3) had ballonets,
but no compartments. However, even non-
rigids, if of large volume, will require
compartmentation for the reasons cited.
All rigid airship designs were actually
based on a series of partially inflated
gas cells restrained by some form of
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netting to transfer lift longitudinally as
well as transversely to satisfy the first
five requirements;the sixth requirement
wasmet byexternal structural frameworks.
Fig. 7-2 is a schematicof the possibil-ities of c0mpartmentationandballonets.
In Fig. 7-2 it is recognizedthat
the gasenvelope'scompartmentationcouldbe by individual gascells, suchas in past
rigids, by gascells createdby the sub-division of the envelopeby partial or
completeuseof the exterior covering, orby a variation of a pressurizedship such
as the ZMC-2.Thefive approachesto
compartmentationof Fig. 7-2 could be in
vertical or horizontal formandaccom-
plished by netting, diaphragms,structural
shells, or combinations thereof. Depend-
ing on the construction approach and the
operational concept of the airship,
ballonets may or may not be required.
Individual gas cells, whether complete
or partial, will require no ballonet if
pressurization of the gas is not required
for aerodynamic shape, prestressing of
the structure in tension, or accommodation
of gas expansion or contraction.
airship Los Angeles's emp£y weight was
38,075 kilograms (83,940 pounds) (ref. 7-1);
the outer covering, netting and wiring
weighed 5535 kilograms (12,202 pounds) or
14.5 percent of the empty weight and the
gas cells weighed 4082 kilograms (9000
pounds) or 10.7 percent of the empty
weight. Structurally, the longitudinals
and miscellaneous stiffening accounted
for 4926 kilograms (10,860 pounds), or
12.9 percent of the empty weight. The
transverse frames, fins, rudders and
elevators totaled 8197 kilograms (18,072
pounds), or 21.5 percent of the empty
weight. The remaining 15,334 kilograms
(33,806 pounds) of the empty weight was
in equipment, motors, controls, compart-
ments, quarters, etc. It would obviously
be more structurally efficient, and also
assist in reducing the main member sizes
and weights, if the 25.2 percent of the
empty weight devoted to individual gas
cell material and vertical and horizontal
restraints also contributed to the
structural strength.
Based on a typical main bay, approxi-
mate comparable figures (ref. 7-2) for
the ZRS-4 Akron are shown in Table 7-1.
• For total catastrophe preventlo_
in event of envelope fsil_e
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FIGURE 7-2
GAS ENVELOPE COMPARTMENTATION
AND BALLONET METHODS
Individual gas cells can have their
vertical lift transfer and longitudinal
restraint accomplished by netting, dia-
phragms or structural shells. The major
disadvantage of this system is the require-
ment of a supplementary outer covering for
aerodynamic purposes if netting is used to
transfer the vertical lift. Additionally,
complete gas cell material, transverse re-
straining materials and secondary structur-
al me_bers are required which do not add to
the overal_ structural strength. To il-
lustrate the relative magnitudes that can
be involved in such a system, the rigid
TABLE 7-1 ZRS-4 AKRON BAY MASS
ITEM KG (LBS) PERCENT
1 bay (empty) 4969 (10,955) i00.0
Outer covering & 1041 (2,295) 20.9
side panel wires
Gas Cells 1098 (2,420) 22.1
Longitudinals 1061 (2,340) 21.4
Transverse frames 1769 (3,900) 35.6
Equipment, motors, controls, com-
partments and quarters, etc. are not
included because of the basis used. The
completed airship, however, had a mass of
109,931 kilograms (242,356 pounds) of
which 9,979 kilograms (22,000 pounds) was
in gas cells and 5,125 kilograms (11,300
pounds) was in outer covering, (ref. 7-3).
Again, at least 13.7 percent, not
including netting and supplemental fram-
ing, of the mass of the entire airship is
used to contain and restrain the gas or
form the aerodynamic shape without con-
tributing to the overall structural
strength_
The structural advantages and
efficiencies to a monocoque configuration
are therefore obvious, particularly when
considering airship missions involving
heavy, relatively concentrated loads.
The technological advances in materials
and structural analysis capabilities also
help create the setting for the recommend-
ation that the airship configuration to
be used in this study be in the pressure
or semi-monocoque area.
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7,3 LOAD/LIFTINTERFACE
The reasons for a load/lift inter-
face structure were discussed in Chapter 5.
Multi-item cargos will be discharged as
single items using the loading grid
supported at four points. Single, bulky-
item cargos would, at the time of erection,
be supported by as few as two points. This
represents, longitudinally along the hull,
a single concentrated load. Such con-
centration of one third of the total gross
lift presents potentially large static
shear and bending moments induced in the
hul=l in the cargo loading area. If the
loads are movable, the strengthening of
the hull and the resulting weight would
be necessary throughout a large range of
the hull structure.
To avoid this penalty, the payload
resultant must be distributed throughout
as much of the longitudinal dimension of
the airship as possible. This has been
partially accomplished by use of the cable
hoist system which divides any load into 12
concentrated loads. It is now appropriate
t_ discuss the load/lift interface structure
into which these concentrated loads will be
transferred. _he structur4 will in turn
distribute these concentrated loads into
the hull structure more uniformly.
The type of structure selected for
the load/lift interface is the same as that
selected previously for the loading grid,
the tetrahedral platform grid. Its shape
has already been described in Chapter 5
and photographs of the grid are shown in
Fig. 5-1. The upper tetrahedral grid in
the Phase II vehicle will have a nominal
depth of 0._91 meters (3 feet). Its
bottom will be located nominally 4.57
meters (15 feet) above the bottom of the
ship at the point of maximum diameter.
See Fig. 7-3. It will be constructed of
2014-T6 aluminum alloy extruded shapes
!ref. 7-4) mechanically connected. The
cross sections of the extruded members
would be shaped so as to ensure sufficient
section modulus as to allow for allowable
design stresses of 2.07 x 108 Newtons/m2
(30,000 pounds/in2), (ref. 7-5). Under
these specifications with total payload
ballast capacity and a maximum buoyant
pressure of 34.2 centimeters (13.5 inches)
of water, a mass of 2.25 kilograms/m2
(0.462 pounds/ft 2) is indicated for the
upper grid structure. The 0.91 meter
(3 feet) nominal depth of the grid will
result in a plan square module of 1.29
meters (4.25 feet). At every six module
dimensions in the longitudinal direction
of the loading area the loading grid would
be supported by a line support coming from
the radial Kevlar cables in the plane of a
transverse stiffening ring. The resulting
distance between stiffening ring/cable
planes in the loading area is thus 7.77
meters (25.5 feet). Eight of these 7.77
meters (25.5 feet) bays would then define
the loading area and the longitudinal extent
of the upper load/lift grid, 62.2 meters
(204.0 feet). The transverse dimension
in the upper plane at the maximum dia-
meter of the ship would be in the order
of 31.6 meters (103.9 feet) with the outer
edges shaped to conform to the outer hull
shape.
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FIGURE 7-3
HALF SECTIONS AT MAXIMUM DIAMETER
The Phase I vehicle upper grid has
a nominal depth of 0.61 meters (2 feet)
resulting in a 0.863 meters (2.83 feet)
plan square module. Six of these module
dimensions give a support distance of
4.18 meters (17.0 feet) in the longitu-
dinal dimension and an overall longitudinal
loading area dimension of 41.5 meters
(136.0 feet). The maximum upper plane
transverse dimension is 23.5 meters
(77.0 feet). See Fig. 7-4 for a schematic
of these dimensions for both Phase I and
Phase II.
PUN SCHEMATIC OF UPPER GRID SPACING
_ SHAPE D_
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FIGURE 7-4
PLAN SCHEMATIC OF UPPER GRID SPACING
The upper tetrahedral grid is ex-
tended beyond the loading area in the same
horizontal plane until it ends at its
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intersection with the upwardcurving bottom
hull shape. Within these twoextra-loading-
area zones,the grid wouldno longer be
solid but wouldserveprimarily as hull
strengthening,supportof auxiliary equip-
ment,etc. It is estimatedthat some80
percent of its solid plan area in these
regionswouldbeeliminated.
Thehoist systemis fixed in the uppergrid, supportedwithin the bottomplane
modules. Alongthe outside edgesof thegrid, ballast tankswouldbe integrated
into the grid construction. Theside
plates of the tankswouldtransfer their
load into the tetrahedral membersby means
of tension. Transversebaffle plates in
the bankswouldalso bebuilt in planesdefined bytetrahedral membersandwould
serveas transversestiffening diaphragms
for the tanksandalso for surgeprevention.
Thebottomlongitudinal membersof thegrid wouldprovidea supportplane for manyfuture modifications of the load/unload
systemfor specific special missions.
7,4 LIFTINGGAS MANAGEMENT
7,4,1 SELECTION OF A LIFTING GAS
There were a number of parameters con-
sidered when selecting the lifting gas for
the Phase I and Phase II vehicles. The
first, obviously, was that the gas hay _ a
density less than air. The_by Archimedes
Principle, the lift was calculated as
LIFT = {[Palr-Pg_s]_c}.V (7-1)
where
Pair = density of air
Pgas = density of gas
g = acceleration of gravity
gc = dimensional conversion factor
V = volume of gas
The lift forces for I000m3 (1000 ft3) of
various gases in air at standard conditions
are tabulated in Table 7-2.
Consideration of possible gases, based
on the lift ability advantages alone, points
to, in order of decreasing preference, hydro-
gen, helium, steam, methane, ammonia, natural
gas, and hot air as possible lift gas
selections.
Safety is another factor investigated
before a selection was made. Helium, steam,
and air are nonflammable. Flammability
limits for hydrogen, methane, ammonia, and
natural gas in air are also given in
Table 7-2.
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The flammability limits in air
saturated with water vapor for hydrogen
at standard temperature and pressure are
4 percent to 75 percent hydrogen by
volume, (ref. 7-7, 8). According to
(ref. 7-9), the contamination of hydrogen
with air is a serious problem, and leaks
into a closed area can be particularly
hazardous. But because of its low mole-
cular weight and very high diffusion co-
efficient, hydrogen will diffuse to a
nonexplosive mixture in an open area very
rapidly (ref. 7-7, 8). Another problem
in using hydrogen as a lifting gas is
that leak sites are very difficult to
locate. For outdoor operations, por-
table detectors of the combustion meter
or thermal conductivity type are used.
Also, Rocketdyne (ref. 7-7) has developed
a tape that uses the unique hydrogen
absorption characteristic of palladium
to change the color of a thermochromic
paint to detect hydrogen leakage.
For continuous hydrogen leakage
monitoring of the atmosphere during fill-
ing, launching, landing, and refilling
operations, a catalytic combustion
detector with multiple remote-sensing
heads could be employed. This detector
samples by diffusion and convection and
was used in the static test firing of the
J-2 rocket engine (ref. 7-7). A detector
system of this type would automatically
warn of leaks by audio or visual signals
and could activate safety control cir-
cuits as it monitors continuously the
accumulation of hydrogen. These are
facts which were weighed very carefully
in the selection of the lifting gas for
the Phase I and Phase II airship designs.
As previously mentioned, helium,
steam, and air are completely safe. Non-
explosive mixtures of helium and hydrogen
are also possible. Experiments have
revealed that a gas mixture of approxi-
mately i0 percent hydrogen and 90 percent
helium will not explode or burn (ref. 7-
i0).
Another major factor in choosing
a lifting gas was the cost. Quoted 1975
helium prices were $1695/i000m3 ($48/i000
ft3). The price of hydrogen was, in con-
trast, only $230/i000m3 ($6.50/i000 ft3).
(Prices were obtained in a telephone con-
versation with the Chemtron Corporation
of Houston in July 1975.) Table 7-2 con-
tains costs per 1000m3 (i000 ft3) of the
other lighter-than-air gases selected.
It should be noted that the $3.50/i000m3
($0.i0/i000 ft3) price for steam is the
cost to heat water at 21 o C (700 F) to
i00 o C (2i2o F) steam at $.01 per kilo-
watt hour; hence this price does not
reflect the cost of the energy required
to maintain the steam at a temperature
above the condensation level. This oper-
ating cost was estimated for the Phase II
TABLE7-2
LIFTGASCHARACTERISTICSANDCOSTSREF,(7-6)
Lift Gas
Flammabilityin Air Gas
Lift %by Volume Cost
newton/103meter3 Lower Upper $/103meter 3
Specific -3
Heat xl0
joules/kilogram OK
Steam (100oc) 6126 0 0 3.53 1
Helium 10367 0 0 1695.10 5
Hot Air (100oc) 2670 0 0 60.03 1
Hydrogen 11152 4.0 74.2 229.54 14
Natural Gas 4241 4.5 14.5 45.91 2
Methane =_*_ _ n I_ N 70.63 2JJ_ .......
Ammpnia 5027 16.0 27.0 194.23 2
Air (STP) 0 0 0 0 1
864
24
022
37
208
229
179
006
Flammability
in Air Gas Specific
Lift % by Volume Cost Heat
Lift Gas ib/103ft 3 Lower Upper $/103 ft 3 Btu/ib m OR
Steam (212OF) 39 0 0
Helium 66 0 0
Hot Air (212°F) 17 0 0
Hydrogen 71 4.0 74.2
Natural Gas 27 4.5 14.5
Methane 34 5.0 15.0
Ammonia 32 16.0 27.0
Air (STP) 0 0 0
.i0
48 00
1 70
6 50
1 30
2 00
5 50
0
445
1 25
244
3 43
527
532
520
240
vehicle at cruise conditions
as $737/hour.
Only marginal cost savings would
result, however, if a safe mixture of
hydrogen and helium were used in lieu of
pure helium, and very little additional
lift would be gained. To reduce the cost
of the lifting gas using a hydrogen mixture,
large amounts of hydrogen must be used. To
accomplish its use, safely, possible con-
tainment schemes of hydrogen in helium were
also considered in this selection procedure.
Availability was another parameter
studied in this investigation. Hydrogen,
steam and air all are readily obtainable.
The supply of helium presently exceeds
demand; thus the helium extraction facili-
ties of many plants are not operational.
Reference 7-11 predicts that by 1990
the demand of helium will no longer exceed
the supply. The future of helium at this
point will depend upon the actions that have
taken places before this time with regard to
i) the release by the Government
of helium from its stockpile,
2) the actual demand for helium,
3) foreign production of helium,
and
4) private storage of the excess
helium production capacity which exists
at the present time.
Eventually, helium may have to be
extracted from the atmosphere, and this
cost is projected to be between $105,940
-$211,880/1000m3 ($3000-$6000/1000 ft 3)
(ref. 7-11).
The specific heat at constant pres-
sure is another property of a lifting gas
that under certain conditions would be
important. For example, the specific
heat of a lifting gas would play a part
in considering the effects of superheat
and also the question of heating the gas
to increase lift. In this regard, it
should be remembered that the specific
heat of air is 1009 joules/kg°k (.241 Btu/
ibOF). The specific heat of hydrogen is
99
14,200 joules/kg°k (3.39 Btu/ib°F) and that
of helium is 5229 joules/kgOk (1.248 Btu/ibOF).
A mixture of hydrogen and helium would have
a specific heat between that of hydrogen and
helium. Specific heats for other gases are
listed in Table 7-2.
After considering alternative schemes,
selecting several lift gases for study, and
investigating the characteristics of these
gases with regard to the parameters of safety,
gas cost, availability, liftability, and
operating cost, a decision matrix was used
to select the lifting gas. Table 7-3, a
lift gas selection matrix, contains the rat-
ing factors used in the analysis. The rat-
ings ranged from zero to one, with one rep-
resenting the highest rating.
Helium, a nonflammable gas, was rated
1.0 for the parameter safety. Hydrogen, as
was previously mentioned, has flammability
limits between 4 percent and 74 percent
hydrogen in air by volume. Thus it was
assigned a low number. An important factor
regarding safety relates to the cost of in-
suring airships. A telephone conversation
with the company that insures the Goodyear
blimps indicated that an airship filled
with hydrogen would not be insurable. The
risk would simply be too great.
Since hydrogen is the best gas for
lift, it was given a 1.0 rating. Helium
was rated at .926. This value is the ratio
of the lift of helium to the lift of hydro-
gen. The remaining rating factors were
determined in a similar fashion.
The weighting factors used for the
parameters were equal. With this weight-
ing system and the rating factors assigned,
the matrix shows that helium is the best
possible lift gas for the Phase I and
Phase II airships.
7,4.2 BALLONET SYSTEM
The Phase I and Phase II airships will
each contain six ballonets having an air
volume capacity of approximately 20 per-
cent of the helium displacement volume.
The ballonets are constructed to surround
a transverse rim frame and are positioned
as shown in Fig. 7-5. Each ballonet is
fabricated by attaching the ends of two
diaphragms. These ends are bonded to the
inside skin of the shell. Because of their
location, the ballonets create gas cells.
This spaced cell design allows air-
ship flight (at reduced cargo weight) even
if the outer shell is damaged and the
helium gas from one or two cells is lost.
Another advantageous feature is that with
the diaphragm distribution pattern, adjust-
ments for trim will be easy to perform.
A disadvantage with this design is the in-
creased surface area resulting from the
nonspherical shape of the ballonets. This,
of course, means more diffusion of helium
and air. However, with the use of the
materials mentioned in section 7.7.5,
helium loss or contamination will be al-
most negligible.
7,5 HULL STRUCTURE
As a result of the structural
configuration evaluation discussed in para-
graph 7.2, a pressure monocoque configur-
ation, similar to the ZMC-2 concept was
considered.
7.5,1 PRESSURE MONOCOQUE STRUCTURE
In taking a conceptual design
approach, in order to decide to proceed
further, past data were collected on not
only the ZMC-2, but also on proposed
designs. Tables 7-4A and 7-4B summarize
TABLE 7-3
LIFT GAS SELECTION MATRIX
PARAMETERS GASES CONSIDERED
HELIUM STEAM HOT AIR HYDROGEN METHANE NAT. GAS AMMONIA
"SAFETY
GAS COST
AVAILABILITY
LIFT
OPERATING COST
1.00 .90 .95 .01 .04 .04 .03
.005 .95 1.00 .06 .12 .20 .04
.80 .95 1.00 .90 .80 .80 _.80
.926 .55 .244 1.00 .479 .372 .44
1.00 .01 .02 .95 .95 .95 .95
3.731 3.36_ 3.214 2.920 2.389 2.362 2.260
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FIGURE 7-5
CROSS-SECTION NEAR LOADING AREA
the collected data. Since only the ZMC-2
was actually built, the data from many of
the.proposed designs are incomplete. How-
ever, based on the given data, Fig. 7-6
was developed. With this figure, an itera-
tive process can be used to obtain an
estimate of the aluminum shell's average
thickness given the general values of dis-
placement volume, length and radius of the
proposed airship.
In reviewing Fig. 7-6, the reader
will note that there are two plotted points
for the ZMC-2. The "a" point indicates
the values for the actual ship built,
whereas the "t" point indicates that which
could have been built if the Alcad material
had been available. One of the confused
items in the literature is the thickness
of metal used to construct the AMC-2. It
was intended to construct the airship of
plain Duraluminum .0232 mm (,008 in.)
thick but as a result of exposure tests,
which showed serious deterioration, Alclad
sheets .2413 mm (.0095 in.) thick were
substituted. At this point, it was
necessary to scrap the partially completed
airship, one fourth of the hull, and to
start over again (ref. 7-12). The thicker
Alclad sheet was the thinnest that could
be rolled at that time and was not a re-
flection of a previously inadequate shell
thickness.
Using Fig. 7-6, the Phase I airship
of 99,109 m3 (3.5 x 106 ft. 3) displacement
the shell thickness would be about 254 mm
(.01 in.), on the average. This value,
as seen from the figure, would be very
approximate. The past designs were based
%
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FIGURE 7-6
RELATION OF GEOMETRY TO
SHELL THICKNESS FOR PRESSURE
MONOCOQUE DESIGNS
only on an aerodynamic moment of
M = .02438q LV 2/3 (N-m.)
in metric units, or
M = .018q LV 2/3 (ft-lbs)
in English units,
where V is the displacement volume,
m3 (ft3)
L is the overall length, m (ft)
q is the aerodynamic pressure,
N/m 2 (lb/ft2).
7-2a
7-2b
The estimated unit mass for the shell
only would then be about .71 kilogram/m 2
(.145 pounds/ft2). With an estimated sur-
face area of 13,965 m 2 (150,316 ft2), the
total shell mass would be about 9888 kilo-
grams (21,800 pounds). It has bee_
traditional in pressure monocoque designs
to assume the shell provides no strength
or stability with respect to compressive
stresses; therefore, longerons must be
added to resist the compressive forces
when the envelope is not pressurized or
if insufficient pressure occurs during
flight maneuvers. From a review of the
past design data in Table 7-4, a very
approximate value of shell mass, equiva-
lent to about 32 percent of the empty mass,
can be developed. On this basis, an
estimated empty mass would be 30,901
kilograms (68,125 pounds) for an airship
of Phase I size. It should be noted,
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TABLE 7-4A
SUMMARY OF METALCLAD AIRSHIP DESIGNS
(METRIC UNITS)
"Personal paFere by RaZph H. Upaon, _rk_rd PJ_J/JA 6/14/37.
"°Esti_te_ val_es
TABLE 7-4B
SUMMARY OF METALCLAD AIRSHIP DESIGNS
(ENGLISH UNITS)
FRITSCHE FRITSCRE FRITSCHE FRIISCHE UPSON BUBGESS Up$oN UPSON" UpsoN"
Identity ZMC-2 MC-_0 MC-72 MC-72._ .¢-_0-6 ZMC-Z2" _C-3_-4001011
Yiar "192_ 192_ 1931 193_ 19_ l_3S 19_7 19_7 19_7 1937 19_9 19_5
_ef. re_. 7-2 12.13 ref. 7-i_ ref. _-_2 ref. 7-12 re¢. 7-12 ref. 7-2 re_. _-14 re_. 7-_5 re_. _-16
DIBplaceMnt Vo1_e, ft. 3 25_.6XZ0_ 5.0XI06 V.2_XZ06 _._XZ06 7.XI06 7.4X_06 1.29xi0 4.6X_0_
GaS VOlume, _t.3 202X_0 _ 2.54xi06 4.9XI06 7.0_XI0_ _.08XI0_ _.X_06 I._xl06 _.XZ06 Z.ZgSZ06 _.BX_06
Length ft. 149.42
Diameter ft. 52.67
N_X. De.ign vez_ity, fp, 9O.93
Has_ _pty, ibs 911S.
Nasa of Sh.lZ, Zbs. 2_30
Mass o_ H_lZ _rsming, Zb.. 179_
Gross Li_t Zbs. 12,2_2
Useful Lift lbs. 3127
Xero_ynamic De._g_
_w_ment, _t. lbs. -
Static Design
m,_eet, ft. lba. -
Sh.lZ: t mi,. in. .009S
t _x. in. .00_S
t avg. in .009_
Shell Surface Area, ft_ 2 19,4_6
_llo.et Volu_, _ 25.
Bilto.et Volu_, _t.3 50,600
_aZZo,e_ Has., 1be. _0
SlZZon.t Ares, f_.2
xorsepo_r 4_0
472. 7le.0 785. 6IS 300. 350. 400. 332. SS3.2_
105. 141.7 136. 154.5 89. 100, 10B. 88. 125.
_46.7 lZS._ 1_.2 _10•0 12_. 126.5 lie.9 1_1.7 Z_7.6 1_4.
_,300 174,000 _49,000 _58000 90,60_+ 48,S00 1_9,61S
27,92_ _,600 • • 30,400 10,000. l_,000 2Z000 15,500 o
30,400
150,800 2B_,000 41_,000 425,17S 6_000 9_000 Z_4000 _3,S00 24_,_10
61,S00 115,000 Z6_,000 Z_9,000 24OOO 4OOOO S4000 2S,300
9.1el0 _ _._Sxl06
.6xZ06
.01_
.016 .0210 "o .01_ .00_ .0106 .01_l .0138 .0_49"
X_0,000 2_0,000"" _,000 62,000. _Z,000. 100,000. 7Z,S00
60,000
_,000.
60,000.
4000 33OO 4,4B0 _000 3,_00 _00 19S0 2600 _160
.0095
.020
.OZ3
177,100
"per.onal papers by Ralph H. Upson, mrkedR_U/JA 6/14/37.
•*Eati_ted values
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however, that this mass would not be com-
pletely correct for the Phase I design
because:
i. No loading platform, hoisting
system or load distribution systems
are included in the past loads upon
which this is based,
2. A ballonet system is included in the
past designs but no gas envelope
compartmentation was made, and
3. An additional static moment needs to
be considered in determining the shell
thickness, particularly in the area of
the loading platform.
However, this does give a value to
compare to the next conceptual design
approach taken; that of using a sandwich
panel for the shell.
7,5,2 SEMI-MONOCOQUE RIGID STRUCTURE
In general, this approach is based on
the design of a shell that will be suffi-
ciently stiff to withstand the aerodynamic
and static forces without the use of lon-
gerons and/or internal pressure. Transverse
frames with radial spokes, thereby having
the appearance of a bicycle wheel, will
be used to distribute the buoyant gas lift,
and to support the airships tetrahedron
plate. This plate, in turn, is supporting
the load-lift hoisting system, etc.
A review of the past literature shows
that the general moment equation was
M = 1.354 CqLV 2/3 (N-m) 7-3a
in metric units, or
M = CqLV 2/3 (ft-lbs) 7-3b
in English units,
where
V is the displacement volume,
m3 (ft.3)
L is the overall length, meters
q is the aerodynamic pressure of
1224.6 N/m 2 (25.576 ib/ft 2)
(feet)
for standard air at sea level, and C is a
shape coefficient. Burgess (ref. 7-14)
gives C values of .008 for the L-30 type
and the Shenandoah derivative, .010 for the
Los Angeles and .020 for the Akron and
Macon; with the values including a factor
of safety of 3. Klinkoff (ref. 7-17) uses
a C of .02 and Burgess (ref. 7-18) in a
later paper uses a general C of .0175. On
this basis a value of C of .018 was assumed
for this study; the resulting aerodynamic
moments are shown in Table 7-5.
According to Brewer (ref. 7-19) of the
Goodyear Aerospace Corporation, the
critical bending moments based on a re-
analysis of historical test data give
the new formulation
M = 1.354 CBM_ q V (N-m)
in metric units, or
M = CBM_ q V (ft-lbs)
in English units,
7-4a
7-4b
where U is the design gust velocity,
m/sec (fps)
v is the airship velocity,
m/sec (fps) and
CBM is a bending moment coefficient,
given as
3D
CBM = 0.ii + 80---_ 7-5
where D is the diameter, m (ft), and L is
the length, m (ft.).
Based on the Goodyear moment
formulations, with a design gust velocity
of 10.67 meters/second (35 feet/second),
geometrical data from the design team
aerodynamics group, and a maximum velo-
city of 44.71 meters/second (146.67 feet/
second), aerodynamic moments were obtained
which were about 7.5 percent greater
than those calculated by Eq. 7-3. These
higher moments were used in determining
the structure and sandwich skin thickness.
Since this was a conceptual design
performed within a very limited time,
static moments were estimated on the
general basis that the center of buoyancy
and the center of the net payload coin-
cided. Distributing the net payload
over a length equal to the loading plat-
form plus 3.048 meters (i0 feet) on each
end, due to location of hoisting mechanisms,
and equating the lift and downward forces
gave the maximum static moment estimates
as shown in Table 7-5.
The shell's sandwich panel was
designed with a factor of safety of 1.5
based on the total maximum moment over the
loading area and on the maximum aero-
dynamic moment outside of this area. This
very conservative approach was taken be-
cause of its simplicity and because of
time limitations.
The design approach for determining
the sandwich panel component thicknesses
basically _ul_wed the approach taken by
Brewer (ref. 7-19).
Initially, Alclad faces with a foam
core were assumed. It should be noted,
however, that the use of the stainless
steel face sheets should be seriously
considered in a detailed design situation.
The strength/density relations of
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TABLE7-5
SUMMARY OF MOMENT VALUES FOR THE
DESIGN TEAM AIRSHIP CONFIGURATIONS
PHASE I PHASE II
N-m x 10 -6 ft-lbs x 10 -6 N-m x 10 -6 ft-16 x l0 -6
Maximum Aerodynamic Moment:
m/C = 0.018 7.98
Per Ref. 7-17 8.60
Estimated Maximum Static Moment 1.72
Total Maximum Moment 10.32
Airship's Hull Design Moments
Over Loading Area 15.51
Beyond Loading Area 12.92
5.89 27.46 20.27
6.35 29.41 21.79
1.27 6.01 4.44
7.62 35.53 26.23
i1.45 53.29 39.34
9.54 44.28 32.69
stainless steel to aluminum are such (ref.
7-20) that if very thin stainless steel
sheets, perhaps in the order of .127 n/m
(.005 in.), can be obtained that with a
small weight penalty, stainless steel would
prove to be feasible. The advantages of
corrosion resistance, weldability and
higher modulus of elasticity could more
than compensate for the weight penalty.
Additionally, since a foam core exists to
separate the faces, the use of stainless
steel for the exterior face and aluminum
for the interior face may be very attract-
ive for minimizing the penalties and maxi-
mizing the advantages. Further investi-
gations along these lines certainly seems
justified. However, using Alclad faces and
considering optimum conditions, where the
weight of the core would equal the com-
bined weight of the faces, the sandwich
panel cross sections shown in Fig. 7-7
and Fig. 7-8 were determined. It should
be noted that the Phase I sandwich cross
section outside of the loading area is not
at optimum. The consideration of 203 mm
(.008 in.) minimum Alclad face thickness,
_from an availability viewpoint, involved
a minor additional weight penalty of about
.107 kilograms/m2 (.022 pounds/ft2) which
would require face sheets about .152 mm
(.006 in.) thick.
The transverse frames, in addition to
performing the load transfer functions
previously discussed also provide a con-
venient physical mechanism for jQining the
transverse edges of the sandwich panels as
will be discussed in Paragraph 7.7. Two
typical transverse frames were considered
for each airship; one at the center of
the iDading platform and one outside of
the loading platform area.
The transverse frames within the
loading area were based on supporting the
tetrahedral plate uniformly loaded with
the net payload; those outside of the
loading area were based on transfer of
the lifting gas load. Spacing of the
transverse frames was critical only in
the sense of providing rather closely
spaced supports to the tetrahedral plate
in order to reduce the moments induced
into this plate in supporting the net
payload; and in providing a reasonable
division of the airships' envelope for
compartmentation by vertical diaphrams,
as discussed in Paragraph 7.4.2. The
transverse frame rims were considered to
be of aluminum. For this design the
connecting cables, spaced at every
10 degrees, were considered to be stain-
less steel wires. However, in a detailed
design, the use of Kevlar strands, coated
to prevent abrasion due to contact with
the vertical diaphrams, should be seri-
ously considered. The transverse frames
developed under the above conditions are
shown in Fig. 7-9 and Fig. 7-10 for
Phases I and II respectively. The mass
of the frames for Phase I is 1284 kilo-
grams (2830 pounds) and 7430 kilograms
(16380 pounds) for Phase II.
The addition of the above trans-
verse frame masses to the previous sand-
wich shell masses gives a total structural
hull mass of 31,767 kilograms (70,035
pounds) for Phase I and 99,838 kilograms
(220,105 pounds) for Phase II.
Since the above structural hull was
designed without taking advantage of the
internal pressure to reduce the compres-
sive stresses, and since the design is
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FIGURE 7-7
PHASE I - HULL SANDWICH
PANEL CROSS SECTION
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FIGURE 7-8
PHASE II - HULL SANDWICH
PANEL CROSS SECTION
based on the compressive loading of a sand- would be eliminated in both the Phase I
wich shell cylinder, lifting gas pressuri- and the Phase II airships. With Alclad
zation can add to the reserve structural faces on the sandwich panels, having a
strength. Preliminary indications are that tensile yield of 3.45 x 108 Newtons/m 2
at about .14 meters (5.5 in.) of water (50,000 pounds/in.2), and with a factor of
pressure all of the compressive stresses safety on yielding of 1.67, the maximum
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D=33.B33m.(lllft.)
/,1745rad.(loO)typ, .1745rad(100)typ •
_ Steel Cables, _ Steel _bles,
/__Rim X-Area=l.677cm2(.26in 2) _Rim X-Area=l.161cm2(_ D=
33.833m
(111 ft)
TYPICAL @ LOADING AREA TYPICAL OUTSIDE LOADING AREA
7 FRAMES REQ'D @ 88kg(194 ibs) 15 FRAMES REQ'D @ 44.5kg(98 ibs)
EACH @ 4.572m(15ft) SPACING EACH @ 9.571m(31.4ft) SPACING
FIGURE 7-9
PHASE I TRANSVERSE FRAMES
D-51.206m(168ft)
.1745rad (i00) typ. _ 1745rad (i00) typ.
_Steel Cables, _ _/_ _:_:_a=C_._:_ 2
"--_ X'Areaf'239cm2 _)ea.
(,037in2)ea.
.510cm2(.854in 2)
G 524in') _D=
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TYPICAL @ LOADING AREA TYPICAL OUTS IDE LOADING AREA
8 FRAMES REQ'D @ 462.2kg(i019 ibs) 18 FRAMES REQ'D @ 207.3kg(457 ibs)
EACH @ 7.315m(24ft) SPACING EACH @ ll.328m(37.33ft) SPACING
FIGURE 7-10
PHASE II TRANSVERSE FRAMES
allowable tensile stress would be 2.07 x
108 Newtons/m2 (30,000 pounds/in.2). Based
on transverse shell stresses, the Phase I
airship could be safely pressurized to a
total of 0.44 meters (12.15 in.) of water
pressure. Since these include a factor of
safety, in an emergency condition the
pressure could be increased considerably
without fear of catastrophic failure.
Under normal flight conditions, if the
internal pressure is kept to about 0.14
meters (5.5 in.) of water pressure, the
Phase I airship could experience an
instantaneous change in altitude of about
305 meters (1000 feet), the Phase II of
about 152 meters (500 feet), and still
remain within the allowable material
stresses. This capability seriously
recommends this type of airship hull con-
struction. A review of the literature on
past airship failures appears to indicate
that the airships could have survived the
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TABLE7-6
AIRSHIPMASSAND
EFFICIENCYRATIOSUMMARIES
MASS(EMPTY)
Airship Hull w/TransverseFrames
Diaphram& Ballonet System
LoadingPlatformTetrahedronShipPlate
Hoisting SystemTail Assembly
Flight Deck,CrewQuarters, etc.
Engines,Props., &MountsThrusters
Fuel Tanks
Pumps&ActuatorsInstruments& Elec. PowerSystem
Total Mass(EMPTY)
USEFULIFT
FuelCrew,Food,etc.Specified Net Payload
Unspecified Additional Payload
Total Useful Lift
Total Operational Mass
Gross Lift
Unit Empty Mass
Useful Lift/Gross Lift (%)
PHASE I PHASE II
kg. ibs.
kg. I ibs.
31,910 70,350
577 1,272
1,197 2,640
1,719 3,789
2,821 6,220
3,009 6,634
558 1,230
1,741 3,838
605 1,334
69 153
810 1,785
1,691 3,728
46,707 102,973
99,838
1,757
5,606
5,568
i0,072
9,234
771
2,946
907
276
2,756
3,315
143,047
220,105
3,874
12,360
12,275
22,205
20,358
6,495
2,000
608
6,075
7,309
315,364
3,200
558
22,680
4,872
31,310
78,017
78,017
.471kg/m 3
40.1
7,056
1,230
50,000
10,741
69,027
172,000
172,000
.0294pcf
40.1
15,175
771
90,718
19,722
126,386
269,433
269,433
.421kg/m 3
46.9
33,456
1,700
200,000
43,480
278,636
594,000
594,000
.0263pcf
46.9
weather conditions encountered if they
could have successfully resisted, by
aerodynamic power or airship structural
strength, rapid altitude changes during
weather front encounters. The relatively
heavy structural frameworks used in the
rigid airships R100 and RI01, built by
Great Britain, were not successful and
ended in catastrophic failure. Since
these airships were of the standard rigid
configuration, pressurization of the hull
could not be achieved to relieve or assist
in resisting the induced compressive
forces.
A mass summary, including all esti-
mated airship components is shown in
Table 7-6. The resulting unit empty
masses and useful lift/gross lift ratios
indicate this to be a highly efficient
approach to take for final detailed Cal-
culations.
7,6 WEIGHTAND BALANCESTATEMENT
The weight of each airship compo-
nent had to be accounted for to make sure
that the total airship weight did not ex-
ceed the lift. In addition, the location
of each component had to be determined to
insure that the airship would be balanced.
With the location and weight of each
component, the center of gravity of the
airship could be determined. For the
Phase I airship, the center of gravity
was located 84.58 meters (277.5 feet)
from the bow and 5.94 meters (19.5 feet)
below the centerline. In the Phase II
airship, the distance from the bow was
128.0 meters (420 feet) and 11.2 meters
(36.8 feet) below the centerline. Tables7-
7 and 7-8 contain a summary of the weight,
location, and moments for various airship
components for Phase I and Phase II, res-
pectively.
107
TABLE /-7A
PHASE i WEI§HT AND BALANCE SUMMARY
tMETRIC UNITS)
HORIZ. VERT.
UNIT/COMPONENT WEIGHT ARM MOMENT IRM MOMENT
NEWTONS METERS NEWTON- METERS NEWTON-
METERS METERS
AIRSHIP HULL-Sandwich Skin,
Adhesive, Cables &
Transverse Frames
HELIUM
DIAPHRAGM AND BALLONET SYSTEM
LOADING PLATFORM
SHIP PLATE (TETRAHEDRON)
HOISTING SYSTEM
ENGINES
ENGINE MOUNTS
FUEL
FUEL TANKS
PUMPS AND ACTUATORS
TAIL ASSEMBLY
THRUSTORS, ETC.
FLIGHT DECK, CREW QUARTERS, ETC.
INSTRUMENTS
ELECTRICAL POWER SYSTEM
CONTROLS AND CABLES
NET PAYLOAD
ADDITIONAL PAYLOAD
311,531
130,239
5,658
11,743
16,854
27,668
6,806
5,783
31,387
681
7,940
29,510
5,934
10,943
16,583
4,484
222,411
49,180
895,334
84.6
84.6
84.6
79.2
79.2
79.2
112.8
112.8
84.6
84.6
158.5
162.3
84.6
15.2
42.4
126.9
79.2
79.2
26,349,931
11,015,915
478,577
930,633
1,335,670
2,192,629
767,529
652,284
2,654,746
57,564
1,258,470
4,790,468
501,903
166.766
702,574
568,942
17,625,633
3,897,380
0
0
0
-24.1
-12.5
-12.5
0
0
-12.8
-12.8
-2.5
0
0
- 9.1
-12.2
-2.5
-14.8
-12.5
0
0
0
- 194,359
- 210,625
- 345.761
0
0
- 401,799
- 8,712
- 20,086
0
0
- 100,059
- 202,180
- 11,343
-3,220,068
- 614,587
TOTALS - 75,947,615 - -5,329,579
LIFT 895,334 84.6 -75,729,174 0 0
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TABLE7-7B
PHASE| WEIGHTANDBALANCESUMMARY(ENGLISHUNITS)
UNIT/COMPONENT WEIGHT(LB)
HORIZ.
ARM
(FT)
MOMENT
(FT-LB)
AIRSHIPHULL-SandwichSkin,
Adhesive,Cables&TransverseFrames 70,035 277.5 19,434,712
HELIUM(2.77x106ft 3) 29,279 277.5 8,124,922
DIA_RAGM& BALLONETSYSTEM 1,272 277.5 352,930
LOADINGPLATFORM 2,640 260 686,400
SHIPPLATE(TETRAHEDRON) 3,789 260 985,140
HOISTINGSYSTEM 6,220 260 1,617,200
ENGTNEMOUNTS 1,300 370 481,100
ENGINES(3) 1,530 370 566,100
FUEL 7,056 277.5 1,958,040
FUELTANKS 153 277.5: 42,457
PUMPS& ACTUATOR_ 1,785 520.0 928,200
TAILASSEMBLY 6,634 532.6 3,533,268
THRUSTORS,ETC. 1,334 277.5 370,185
FLIGHTDECK,CREWQUARTERS,ETC. 2,460 50.0 123,000
INSTRUMENTS 3,728 739 518,192ELECTRICPOWERSYSTEMCONTROLS& CABLES 1,008 416.3 419,630
NET PAYLOAD 50,000 260. 13,000,000
ADDITIONAL PAYLOAD II,0H6 260. 2,874,560
LIFT 201,279 277.5 -55,854,922
TOTALS 201,279 - 56,016,086
VERT.
ARM
(FT)
0
0
0
-54.3
-41.0
-41.0
0
0
-42.0
-42.0
-8.3
0
0
-30.0
-40.0
-8.3
-47.5
-41.0
MOMENT
(FT-LB)
0
0
0
-143,352
-155,349
-255,020
0
0
-296,352
- 6,426
- 14,815
0
0
- 73,800
-149,120
- 8,366
-2,375f000
-453,296
-3,930,896
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TABLE 7-8A
PHASE II WEIGHT AND BALANCE SUMMARY
(METRIC UNITS)
3NIT/COMPONENT WEIGHT
NEWTONS
AIRSHIP HULL-Sandwich Skin,
Adhesive, Cables &
Transverse Frames
_ELIUM
DIAPHRAGM AND BALLONET SYSTEM
hOADING PLATFORM
_HIP PLATE (TETRAHEDRON)
979,076
451,370
17,232
54,980
54,602
98,773
11,788
9,631
148,820
2,705
27,023
90,557
8,896
15,124
32,512
7,473
889,644
193,409
_OISTING SYSTEM
ENGINES
ENGINE MOUNTS
FUEL
FUEL TANKS
PUMPS AND ACTUATORS
FAIL ASSEMBLY
_HRUSTORS, ETC.
FLIGHT DECK, CREW QUARTERS, ETC.
ZNSTRUMENTS
_LECTRICAL POWER SYSTEM
_ONTROLS AND CABLES
_ET PAYLOAD
%DDITIONAL PAYLOAD
FOTALS 3,093,614
LIFT 3,093,614
HORIZ.
ARM
METER. (
128
128
128
120
120
120
154
154
128
128
220
224
128
ii
122
64
120
120
128
VERT.
MOMENT ARM MOMENT
NEWTON- METERS NEWTON-
METERS NETERS
125,337,370
57,782,575
2,206,024
6,602,616
6,557,210
11,861,739
1,810,830
1,479,414
19,051,303
346,222
5,955,0571
20,287,280
1,138,887
161,342
3,963,869
478,333
106,838,454
23,226,680
0
0
0
-25.0
-20.6
-20.6
-10.2
-10.2
-25.3
-25.3
-3.8
0
0
-9.1
-25.0
-3.8
-22.7
-25.0
0
0
0
- 1,374,149
- 1,123,381
- 2,032,150
- 120,722
- 98,628
- 3,764,900
- 68,420
- 102,957
0
0
- 138,293
- 812,593
- 28,472
-20,201,687
- 4_833r979
396,032,036 - -34,700,331
-396,032,036 0 0
ii0
TABLE7-8B
PHASE11WEIGHTANDBALANCESUMMARY(ENGLISHUNITS)
UNIT/COMPONENT
AIRSHIPHULL-SandwichSkin,
Adhesive,Cables&TransverseFrames
HELIUM(9.6 x 106ft 3)
HORIZ.
WEIGHTARM
(LB) (FT)
220,105
101,472
420
420
VERT.
MOMENT ARM MOMENT
(LB-FT) (FT) (LB-FT)
92,444,100
42,618,240
DIAPHRAGM& BALLONETSYSTEM
LOADINGPLATFORM
SHIPPLATE(TETRAHEDRON)
HOISTINGSYSTEM
ENGINEMOUNTS
ENGINES
FUEL
FUELTANKS
PUMPSANDACTUATORS
TAILASSEMBLY
THRUSTORS,ETC.
FLIGHTDECK,CREWQUARTERS,ETC.
INSTRUMENTS
ELECTRICPOWERSYSTEMCONTROLSANDCABLES
NETPAYLOAD
ADDITIONALPAYLOAD
LIFT
TOTALS
3,874
12,360
12,275
22,205
2,165
2,650
33,456
608
6,075
20,358
2,000
3,400
7,309
1,680
2OO,0O0
43,480
695,472
695,472
420
394
394
394
504
504
420
420
723
735
420
35
400
210
394
394
420
1,627,080
4,869,840
4,836,350
8,748,770
1,091,160
1,335,600
14,051,520
255,360
4,392,225
14,963,130
840,000
119,000
2,923,600
352,800
78,800,000
17,131,120
-292,098,240
291,399,895
0
-87.0
-67.5
-67.5
-33.6
-33.6
-83.0
-83.0
-12.5
0
0
-30
-82.0
-12.5
-74.5
-82.0
0
0
- 1,013,520
- 828,563
- 1,498,837
- 72,744
- 89,040
- 2,776,848
- 50,464
- 75,937
0
0
- 102,000
- 599,338
- 21,000
-14,900,000
- 3,565,360
0
-25,593,651
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7,7 MATERIALS
7,7,1 INTRODUCTION
In the past decade, marked improve-
ments have been made in the materials
technology associated with airships. For
example, a cotton structural fabric with
neoprene film between the structural fabric
and the bias ply fabric, with a strength
of 1.75 x 104 Newtons/meter (i00 pounds/
inch) can be replaced with materials
containing high tenacity. Dacro n yield-
ing a strength of 2.63 x 104 Newtons/
meter (150 pounds/inch). The current
state of the art, with Dacron, Mylar, and
Tedlar offers strengths of 3.94 x 104
Newtons/meter (275 pounds/inch). With
Kevlon replacing Dacron, even lower
weights and higher strengths are achiev-
able (ref. 7-21).
The parameters considered in the
airship material selection process were
strength, weight, cost, modulus, creep,
fatigue, durability, permeability, and
availability. Other factors considered
were stability under ultraviolet light,
moisture absorptivity, flammability, and
wear resistance.
In general, composite materials,
which are a mixture of two or more
materials that differ in form and/or
material composition, were used. Compos-
ites usually have properties better than
those of the individual components and
offer these advantages at lower weight.
Two types of composites were employed.
A sandwich composite was used for the air-
ship shell and a laminate composite, which
consists of layers of single constituents
bonded as superimposed layers, was used for
the ballonet-diaphram material.
In a laminar composite, as in a sand-
wich composite, each layer performs a
distinct and separate function. The layers
are selected to provide improved overall
properties: strength, protection against
corrosion, wearability, permeability, and
durability, for example.
7,7,2 HULL, RUDDERS, AND ELEVATORS
Reference 7-20 points out that the
thin-walled shell is the basic structural
element of the modern aircraft, spacecraft,
missile and launch vehicle. When the thin-
walled shell is stiffened by a number of
reinforcing elements, a "semi_monocoque ''
results.
A sandwich construction, according
t% ref. 7-20, is a special laminate con-
sisting of a thick core of weak, lightweight
material sandwiched between two layers of
strong material. This type of construction
offers
i) a high strength/weight ratio;
2) resistance to vibration;
3) resistance to heat transfer;
4) ease of fabrication, and
5) high speed production, ref. 7-22.
Sandwich structures are highly
resistant to fatigue failure because the
bonded surface is continuous. It also has
a large value of moment of inertia, which
means a lower stress for the same bending
moment.
The sandwich structure can be com-
pared to the I-beam. The facings serve
the purpose of the flanges, the foam core
acts as the web, supporting the facings
and allowing them to act as a unit. The
foam core, like the web, carries the
shear stresses and also supports the fac-
ings, preventing buckling or crimping and
allowing uniform stress-compression or
tension. The adhesive transmits and
carries shear loads between the facings
and the core.
The sandwich composite is more
efficient than an I-beam. The combination
of high strength facings and a low density
core provides a much higher section modulus
per unit density than any other known con-
struction method (ref. 7-22).
The airship's operating environment
determined the selection of the face sheet
and core materials. Facing materials could
include 2024 and 7075 Alclad aluminum and
Kevlar-epoxy composites. Titanium, stain-
less steel and composites containing
graphite or glass fiber are other alter-
natives. For the Phase I and II ships,
2024 Alclad aluminum was selected. The
aluminum facing material would be 0.203 mm
(.008 in.) thick in the Phase I shell and
0.229 mm (.009 in.) thick in the Phase II
airship shell. The Alclading, of course,
increases corrosion resistance.
The material for the core would be
urethane foam having a density of 32 kilo-
grams/m3 (2 pounds/ft3). Reference 7-22
gives the following properties for this
density urethane foam: compressive
strength 241,316 Newtons/m 2 (35 pounds/
in.2), tensile strength 303,369 Newtons/
m 2 (44 pounds/in. 2) shear strength
193,053 Newtons/m 2 (28 pounds/in.2), and
thermal conductivity at 23.9oc (75OF),
0.016 Joules/sec-m. OK (0.0092 to 0.014
Btu 1hrftOF .
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Aspreviously mentioned,materials
other than 2024aluminumcould beusedas
a facing material. Glassreinforced plas-
tics offer the advantagethat they canbe
built up to anydesired thickness andthey
offer excellent insulation.
Kevlar 49/epoxywouldalso bean
excellent facing material, it hasa fa-tigue strength of 9.3 x i03 Newtons/m2(1.35 x 103pounds/in.2) at IU! cycles
strength at 103cycles of 1.17 x 109Newtons/m2 (1.7 X 105 pounds/in.2). On
the other hand, 2024 aluminum shows a fa-
tigue strength of 2.758 x 108 Newtons/m 2
_0 x 103 pounds/in. 2) and a strength of
_.413 x 108 Newtons/m 2 (64 x 103 pounds/in. 2)
at 103 cycles (ref. 7-23). Reference 7-23
has also shown that a sandwich panel using
Kevlar 49 as the shell fabric reinforcing
material gave good impact resistance,
significantly better than graphite com-
posites.
7.7,3 TRANSVERSE RIM FRAMES
The rim frames serve two purposes:
(I) to stiffen the shell, and (2) to aid
in fasteningthe panels of the shell to-
gether. A cross-sectional view of the rim
frame is shown in Fig. 7-11.
TRANSVERSE RIM FRAME
- SANDWICH PANEL
i
&
CABLE ATTAINT LUG
FIGURE 7-11
CROSS SECTION OF
TRANSVERSE RIM FRAME
The rim frame would be extruded 2024
aluminum. This material has a tensile
strength of 4.688 x 108 New£ons/m 2
(6.8 x 104 pounds/in.2), a yield strength
of 3.0336 x 108 N/m 2 (4.4 x 104 pounds/in. 2)
and an elongation at 23.88oc (75°F) of 22
percent. An alternate material, which
could also be extruded, would be 7075
aluminum with a tensile strength of 5.654
x 108 Newtons/m2 (8.2 x 104 pounds/in.2),
a yield strength of 4.964 x 108 Newtons/m 2
(7.2 x 104 pounds/in.2), and an elongation
of ii percent.
7,7.4 CABLES
The cables attach to the transverse
rim frame and hold the frame in a cir-
cular shape. In both airship designs,
36 cables are used on each frame.
Because of its high strength/weight
ratio, high modulus, favorable resistance
to corrosion, non-conductivity and excel-
lent fatigue and creep properties, Kevlar
was selected for the cable material. Both
Kevlar 29 and Kevlar 49 yarns can be
braided, stranded or twisted on standard
textile machinery. Strength data on
typical rope construction are given in
Table VI of ref. 7-24. This table shows
that at one-fifth the weight, the strength
of Kevlar rope is equal to or bett_r than
steel.
Regarding cost, the selling price
of Kevlar is comparable at equal breaking
strength with nylon or polyester rope.
7,7,5 BALLONET
AS previously mentioned in this
report, the ballonets serve to create gas
cells. Both the Phase I ship and the
Phase II ship would each have seven cells.
Possible ballonet materials would
include laminate composites of (i) Kev-
lar, Mylar and metallized Tedlar and
(2) Dacron, nylon and Tedlar. The advan-
tage of the Kevlar fabric over the Dacron
fabric is its higher strength/weight
ratio. Both fabrics, when woven in a
triaxial weave, offer higher strength and
lower permeability than previously-used
materials (ref. 7-25).
The materials contained in the lam-
inate composite ballonets for the Phase I
and II airships are sketched in Fig. 7-12.
Table 7-9 lists properties for the film
and adhesive components of this laminate.
The Tedlar film provides, on both
sides of the diaphragm material, a tough,
durable, abrasive resistant surface and
also ultraviolet protection for the inner
constituents. Tedlar has proven itself
with respect to mechanical properties.
It filters out 98 percent or more of the
incident UV radiation. Tests have re-
vealed (ref. 7-21) that the Tedlar poly-
vinylidene fluoride film (laminated) has
about twice the abrasion resistance of
elastomeric coatings. The Tedlar film
facing the helium gas, is metallized with
aluminum. This reduces its permeability
by a factor of I0.
The Kevlar fabric was selected be-
cause of Kevlar's high strength 2.068
x 109 Newtons/m 2 (3 x 106 pounds/in. 2)
and high modulus 6.2 x 1010-13.1 x I0 I0
Newtons/m2 (9 x _06-19 x 106 pounds/in2).
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Thestrength/weightratio of Kevlar exceeds
that of Dacronby i00 percent (ref. 7-26).
Kevlar also has far superior creep proper-ties (ref. 7-24). TheG. T_ SheldahlCom-
pany (ref. 7-26) hasproduceda laminate
of Kevlar having a strength approximately
equal to that of a high strength aluminum
sheet having the same weight per unit area.
Even higher strength/weight ratios are
predicted with geometric optimization of
the Kevlar fiber weave.
MATERIALS
The Mylar film was selected to in-
sure a low helium permeability of the
laminate. Mylar has a tensile strength
of 1.7236 x 108 Newtons/m2 (2.5 x 104
pounds/in. 2) and does not become brittle
with age. It has excellent resistance to
most chemicals and withstands temperatures
ranging from -70oc (-94OF) to 150oc (302OF)
(ref. 7-27). Moreover, it is available in
thicknesses ranging from 3.63 x 10 -3 mm
(0.00015 in.) to 0.356 mm (0.014 in.) and
widths from 0.00635 meters to 2.84 - 3.05
meters (1/4 in. to 112-120 in.) depending
on gage and type. It can be bonded to it-
self or to practically any other material
(ref. 7-27).
SHELL
ALCLAD
ALUMINUM
FOAM CORE
ISOTROPIC FOAM
CORE SANDWICH
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17"-/'-7-/-7-71_.._ ADHESIVE
_,\\\\\\%\\\\\\\-_, _- -- -_ MYLa_
I//////,¢_,.,_KEVI..AR
_ ADHESIVE
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FIGURE 7-12
AIRSHIP SHELL AND
BALLONET MATER IALS
A polyester adhesive, specifically
an aliphatic polyester resin would be used
for bonding the above-mentioned films and
fabric.
7,8 SUMMARYAND RECOMMENDATION
Concerns with the load/lift interface
have been adequately summarized in Sec-
tion 5.3. Suffice it to say here only that
the upper tetrahedral grid and the cable
hoist system serve to distribute the con-
centrated cargo reactions so that the hull
structure is not subjected to destructive
static shears and moments.
The drive of history and logic in the
design of the structure of airships is
toward incorporating the stiffening effect of
internal pressure into the hull design and
to use appropriate materials for that
pressure rigid hull. This study has elected
to minimize the internal stiffening in favor
TABLE 7-9
PROPERTIES OF FILM AND ADHESIVE COMPONENTS
(REF, 7-19)
COMPONENT
!Tedlar
Mylar
IAdhesive
DESCRIPTION
Dupont polyvinylidene fluoride
film, type 30, adherable both
sides, "L" gloss, titanium di-
oxide pigment
Dupont type S, polyester
film, 6.35 x i05 mm (0.25 mil)
thick
Aliphatic polyester resin cured
with di-isocyanate for hydro-
lytic stability
TENSILE
STRENGTH
@20°C (70°F)
55 x 106 N/m 2
(8000 psi)
138 x l06 N/m 2
(20,000 psi)
i0 x 106 N/m 2
(1500 psi)
DENSITY
1770 kg/m3
(.064 ibs/in 3)
1390 kg/m3
(.05 ibs/in3)
1240 kg/m 3
(.045 ibs/in 3)
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of a pressure-stiffened, isotropic foam-
filled, aluminumsandwich. Themotivehasbeenthe obviousweight savingsfor a given
hull strength.
A compromisebetweenthe rigid's gas
cells andthe nonrigid's ballonets hasbeen
devised for the lifting gasmanagement
system. At intervals along the hull at the
planesof transversestiffening doubledia-phragm,ballonets havebeenplaced, provid-
ing the possibility of heatedcontrol both
of lifting gasandballonet air, trim
management,compartmentation,surge
resistance andaddedsafety.
Theplacementof thoseweightscon-
tributing to the location of the center ofgravity of the airship havebeenmade. The
center of gravity hasbeenforced to a
point just behindthe center of buoyancy(c.b.). To keepthe locations of the c.g.
andc.b. in flight, trim is managedby
exchangeof waterballast in tanks incor-
porated into the upper tetrahedral grid.Theeffect of the payloadin trim is
negated during the loading operation en-
suring that the c.g. of the cargoandload-
ing grid is a constant.
Thedesignof the hull structure and
other systemscomponents has been made
using state of the art materials with the
exception of some uses of Kevlar. The
development of Kevlar cables, for instance,
will require only an increase in the
production capabilities of the producer.
In the case of the hoists, present hoist
weights must be reduced by design using
lighter conventional materials. Future
development should incorporate the use of
any composite materials in the structure,
ballonet or hoist system where their
weight improvement implies their use
despite higher cost.
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8.1 INTRODUCTION
Airships of the past have been
characterized as slow responding and slow
anticipatory vehicles; t_erefore, the
control and stability problems were less
severe than those encountered on heavier
than air (HTA) vehicles. Large forces
and moments, however, can act on the hull
and fins of an airship due to atmospheric
disturbances and gusting winds, thus com-
plicating the problem. Although there is
much information on HTA craft stability
and cuntrol, thi_ g_n_Ldl dre_ i*_ beel_
almost neglected in LTA design.
While stability is not a precise
term, in the case of an airship in motion
it can be thought of as a measure of the
tendency to maintain a trimmed condition
of flight and, if upset from this con-
dition, the tendency to return to it. From
an engineering viewpoint, stability can be
classified as "positive" if the tendency is
to return to the original heading; "neutral"
if the tendency is to remain in the con-
dition to which it has been perturbed; and
"negative" if, following a perturbation,
it continues to diverge.
In the design of any vehicle, the
need for stability must be compromised with
the need for controllability. That is, an
airship with ultimate static stability
would have such a positive tendency to
remain in its trimmed flight condition that,
like a freight train, it would be almost
impossible to turn. On the other hand, the
ultimately controllable airship would be so
responsive to any changes, whether manually
applied or arising from natural perturb-
ations, that it would hold the desired
heading for only the briefest time. The
overly stable vehicle would excel on long
cross-country flights at cruise conditions,
but would pose serious problems during
maneuvering. A highly controllable craft
would require constant flight corrections
with resultant oscillations about the
desired heading and attitude.
Historically, most airships have
been basically unstable craft, but for a
combination of reasons, this is not
necessarily a disadvantage. While modern
airships will retain a basic simplicity,
modern electronics and instrumentation will
make them safe, reliable, sophisticated
vehicles of the space age.
There are several basic vehicle
and flight conditions which affect air-
ship stability and any discussion must
begin with their clarification. These
are weight, center of gravity (c.g.),
center of buoyancy (c.b.), center of press-
ure (c.p.), center of rotation (c.r.),
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power settings, cruise speed, flight
mode (ascent, cruise, hover, descent,
etc.), and vehicle configuration (flaps,
fins, etc.). In view of the fact that
any of these can vary the degree of
stability, the details of each must be
specified before stability and control
data can have real significance.
8,2 INSTRUMENTATIONAND
CONTROL SYSTEM
The instrumentation and control
system on an airship will be very much
like the systems used on modern air-
liners. They will carry all the basic
instruments required by federal regula-
tions and those additional instruments
which will improve the efficiency of
the crew. A number of instruments
special to airships will be required
which are not found on heavier than air
aircraft. Due to the complex inter-
action of the various controls, a com-
puter-based control system will be used.
The control signals will be transmitted
electronically.
8,2,1 INSTRUMENTATION AND AVIONICS
8,2,1.1 FAA REQUIRED EQUIPMENT
All aircraft flying in the United
States are subject to the Federal
Aviation Regulations (Part 91, General
Operating and Flight Rules). These
regulations specify a number of instru-
ments, communication, and safety equip-
ment which must be carried by the various
classifications of aircraft. At the
present time, there is no special classi-
fication for airships. Airships will
therefore be required to carry the same
equipment as other aircraft flying under
the same conditions.
All aircraft must carry an air
traffic control radar beacon trans-
ponder which transmits an identifying
code and the barometric altitude of the
aircraft whenever it is interrogated by
the air traffic control radar. When fly-
ing under visual flight rules, all
aircraft must carry the following equip-
ment: an airspeed indicator, an alti-
meter, a magnetic direction finderi a
complete set of engine performance
instruments for each engine, and a fuel
gauge which indicates the quantity of
fuel remaining in each tank. For night
flying the addition of position lights,
anticollision lights, and a landing light
is required.
Any aircraft flying under instrument
flight rules must also carry a two-way
radio andwhateveradio navigation equip-
mentis appropriateto the ground
facilities to be used. A gyroscopic_dte--
of-turn indicator, a slip-skid indicator,
a sensitive altimeter adjustable for baro-
metric pressure,a clock with a sweep hand,
a gyroscopic bank and pitch indicator, a
gyroscopic direction indicator, and a
generator of sufficient capacity to supply
all the electrical equipment are also re-
quired. Some variances may be granted in
the altitude indicating instruments due
to the different characteristics of air-
ships as compared to the conventional
airplanes.
To aid search and rescue teams in
finding downed aircraft, an emergency
locater transmitter is required on all
aircraft, which will automatically start
transmitting a homing signal in case of a
crash or emergency landing in a remote
location. Additional safety equipment
including a flight recorder and cockpit
voice recorder, is required on common
carrier and passenger aircraft.
I 8,2,1,2, NONREQUIRED FLIGHT
INSTRUMENTS
In order to improve the service and
reliability of the airship and ease the
work of the crew, some additional standard
aircraft equipment will be included on the
airship. Automatic direction finders,
distance measuring equipment, an area
navigation system, a rate-of-climb
indicator, and a drift meter will aid in
the navigation of the airship. A radio
altimeter will give more accurate and
reliable height above ground data, which
will be necessary for low altitude flight
and hovering. A weather radar system will
allow the airship crew to spot severe
weather systems and fly around them or
pick the best path through a weather front.
8,2,1,3 SPECIALIZED AIRSHIP
INSTRUMENTS
A number of instruments peculiar to
airships will be required. The proper
pressure must be maintained in the gas
cells and ballonets in order to keep the
airship trimmed properly and to pressur-
ize the hull to the proper prestress level.
This will requirepressure indicators for
each of the gas cells and ballonets. There
will be a large number of strain gauges
placed throughout the airship to measure
strains in all the critical structural
members. This will allow the pilot and
autopilot to avoid maneuvers which might
overstress the hull or other structural
members of the airship. A visible _]_splay
of the outputs of these strain gages
will warn the pilot if forces due to
wind gusts or turbulent weather are ex-
ceeding the desired limits.
The lift of the airship depends on
the temperature of the lift gas in the
gas cells, and the air in the ballonets
relative to the ambient air outside the
airship. Temperature sensors will be
necessary to measure these relative tem-
peratures and help monitor the lifting
capability of the airship as conditions
change. The lift of the airship can also
be controlled by dumping or shifting a
disposable ballast. Indicators will be
necessary to inform the pilot of the
remaining quantity of this ballast in
each ballast storage compartment. Some
indication of the amount and location of
all nondisposable ballast will also be
required.
The extreme size of the airships
makes it difficult for the pilot to
observe directly the full ship relative
to the surroundings when landing or hover-
ing. A closed circuit television system
will aid the pilot in observing position
and clearances during these operations.
This will be of particular importance when
loading or unloading a single large item
which must be picked up or set down at a
particular spot. The loading supervisor
will also make use of this system to moni-
tor his operations.
8,2,2 DIGITAL COMPUTER CONTROL SYSTEM
The primary control system will be
centered around a real time digital flight
control computer as shown in Fig. 8-1.
All pilot control signals are fed into
the computer along with the signals from
the flight instruments and structural
sensors. The computer then generates
signals to drive all the control actu-
ators and feedback signals to the artifi-
cial feel units on the pilot controls.
The actuators in turn control the move-
ment of the aerodynamic surfaces, the
operation of the thrustors, the engines,
and the gas management system. In trans-
lating the forces exerted by the pilot
on the controls into changes in the move-
ments of the airship, the computer will
select the most efficient combinations
of aerodynamic control, thrustorscontrol,
and ballast or ballonet trim control for
the particular flight conditions at that
instant.
The pilot may select one of several
possible operating modes for the control
system. The normal flight mode will have
the characteristics of a straight manual
fly-by-wire control system with the
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pilot directly controlling the airships
altitude, attitude, andvelocity. In the
autopilot modethe computerwill have
completecontrol of the airship andwill
maintain the course, speed,andaltitude
settings as set by the pilot. In rough
weather,the autopilot maybe switchedto
maintainaltitude andcourseheading. The
manualhovermodewill allow the pilot to
indicate changesin horizontal position
rather than attitude with his control
stick andcontrol altitude with the thrust
of the side engines,whichwill be rotatedto a vertical position. Theautomatichovermodewill hold a fixed altitude
while the pilot controls the position inthe horizontal planeandvaries the atti-
tude of the airship with his control
manipulations.
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FIGURE 871
REAL-TIME DIGITAL
FLIGHT CONTROL COMPUTER
8,2,2,1 NORMAL FLIGHT MODE
When the control-system mode selector
switch is in the normal flight position,
the rudder pedals and stick will act to
control the altitude of the airship as they
do on conventional aircraft. The computer
will generate control signals calling for
forces on the aerodynamic surfaces which
are proportional to the forces applied by
the pilot. It will also generate feedback
signals to the artificial feel units on
the controls so that they respond in a
proportional manner.
When the control system ds in the
normal flight mode, the side engies will
be positioned for straight forward thrust.
When the system is switched to normal
flight mode from the hover mode, the side
engines will automatically start to rotate
from vertical to horizontal at a rate deter-
mined by a vector rate control.
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8,2.2.2 AUTOPILOT MODE
The autopilot mode of the control
system will give the computer complete
control of the airship flight. The com-
puter will generate the control signals
to the aerodynamic surfaces, the engines,
the gas management system, the ballast
system, and the thrusters (if necessary)
required to maintain the airship at the
altitude, course, and speed as set by
the pilot. It will automatically adjust
the trim and balance to provide the most
efficient flight. If the pilot changes
any of the course, altitude, or speed
settings, the computer will provide a
smooth transition from the old flight
path to the new flight path.
In rough air conditions the pilot
can switch from a hold-course mode to
a hold-altitude flight mode in order to
minimize excessive maneuvering of the
airship as it is moved around by the
winds. In this case, the pilot must
closely watch the situation and make
the necessary changes if the airship
gets too far off course. There will be
an automatic alarm warning the pilot if
the radio altimeter detects an altitude
below a preset minimum.
8,2.2.3 MANUAL HOVER MODE
When the manual hover mode is
selected, the computer will convert the
rudder pedal and stick forces into
thrustor commands. The side engines
will be used in a vertical direction in
this mode with the throttle controlling
their thrust. The pitch of the airship
may be selected by a control setting.
The computer will then adjust the balance
and trim of the airship to maintain that
pitch with a minimum of difference in the
fore and aft vertical thrust.
When first switching to a hover mode
from a flight mode the side engines will
rotate from horizontal to vertical at a
rate determined by the engine vector
control setting.
8,2,2.4 AUTOMATIC HOVER MODE
The computer will attempt to main-
tain a constant height above the ground
as read by the radio altimeter when oper-
ating in the auto-hover mode. The thrust
of the side engines will be used for the
primary control with the thrustors provid-
ing secondary or fine control of the
vertical height. All other operations
in this mode will be the same as in the
manual-hover mode.
In automatichovermode.thecontrol
inputs maycomefromelther t_e p11ot's
station or the loading supervisor's station.
Thecomputerwill also aid the loading
supervisorin the operation andcoordin-
ation of the hoist systemduring load and
unloadoperations.
8.2,3 BACKUP SYSTEMS
All signals to and from the computer
are carried over a redundant set of signal
cables. There will be duplicate cables
running down each side of the airship.
Eve_ if one side of the hull sustains
se_re damage, the cables on the other
side will still provide complete control.
The critical flight instruments and
communication systems will all have dupli-
cate units. The electrical power for the
airship can be supplied by generators on
each of the main engines and from an
auxiliary power unit. A set of batteries
capable of starting any engine or the
auxiliary power unit will provide
additional backup for the electrical
power system. As with the control cables
the power distribution system will be
duplicated down each side of the airship.
The computer will be highly reliable
and easy to repair, but in the event that
a failure occurs during flight, a com-
plete set of backup electronic sensors
and control drivers will provide manual
mode backup for the computer control
system.
8,3 NORMALFLIGHTMODE
8,3,1 FLIGHT CONTROLS
Three types of control systems
were considered:
i) Manual control by means of
cables as was used in all previous air-
ships;
2) Control of hydraulic actuators
by means of cables as is presently used
on several current commercial transport
aircraft;
3) Control of hydraulic actuators
by means of electrical signals, commonly
referred to as fly-by-wire.
The first system was ruled out
because of the extremely large aerodynamic
forces that the pilot would be required
to overcome, frictional forces associ-
ated with the pulleys, and cable stretch.
The second system was ruled out because
of cable stretch, frictional forces, and
weight. The third system does not exhibit
the problems of the other two and allows
for a force feel system to be installed
which can be designed to provide any de-
sired force or "feel" to the pilot.
Also, since the signal is electrical, the
wires require no special routing and a
separate set may be installed to provide
a backup system with minimum weight
penalty. This was the system chosen for
use in both the Phase I and Phase II air-
ships.
The primary flight controls for in-
flight maneuvering of the airship are
rudders for directional control and
elevators for longitudinal control. The
rudders and elevators are radius nose
surfaces attached to the aft portion of
the fixed vertical and horizontal fins,
and powered by hydraulic actuators
located within the fins. Maximum stream-
wise deflections of 6r=(_30 °) for the
rudder and _e=(±40 o) for the elevator
are available. The control surfaces have
been split, because of the high hinge
moments resulting from the large surface
areas, so there are two on each fin. The
split was made to give equal effective-
ness from each surface. A surface posi-
tion indicator installed on the cockpit
instrument panel provides visual indi-
cation of control surface positions.
8,3.2 HYDRAULIC SYSTEM
Four hydraulic systems provide the
hydraulic power requirements for the air-
ship with safety and reliability. Each
of the primary control surfaces is power-
ed from two independent, parallel systems
by means of dual tandem actuators. Any
single hydraulic channel is fully capable
of performing the control function, thus
insuring full control capability in the
event of component or system failure.
Fig. 8-2 is a schematic diagram of the
hydraulic system for the Phase II air-
ship. The Phase I system would be as
shown in Fig. 8-2 if engines 2 and 4 were
deleted. The engines are numbered con-
secutively beginning with the left front
engine and going around the airship from
bow to stern ending with the right front
engine. The systems are completely in-
dependent and have no fluid interaction.
The primary operating pressure source for
the nos. 2 and 3 systems are engine driven
pumps installed on the stern engine.
Each pump normally supplies pressure at
2.067 x 106 Newtons/m_ (3000 pounds/in. 2)
to its respective system. The pressure
source for systems 1 and 4 are electric
pumps deriving their power from generat-
ors operating off the side-mounted
engines. This was done to minimize the
length of the hydraulic lines and thus
the associated leakage and maintenance
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problems. Twopowertransfer units (PTU),
whichare essentially reversible hydraulic
motor-drivenpumps,are installed to enable
pressurization of systems2 and3 from1
and 4, respectively, andvice versa. The
PTU'smechanicallytransmit powerfromone
systemto anotherwithout intersystemfluid transfer. Surfacedeflections can
becommandedby either the pilot or auto-
pilot with the commandsignal being trans-
mitted by meansof anelectrical signal
fromthe cockpit to the hydraulic systemlocated in the stern of the airship.
FIGURE 8-2
HYDRAULIC SYSTEM FOR
THE PHASE II AIRSHIP
8.3.3 TRIM CONTROL
In the normal flight mode, trim can
be accomplished by use of the elevators.
Deflection of the control surfaces causes
an increase in drag of the airship. In
order to elminiate or decrease this trim
drag, other types of trim capability have
to be provided. Three types of trimming
capability other than control surfaces
are: ballonets, internal fluid transfer,
and disposable ballast.
8.3.3,1 BALLONET TRIM
By adjusting the amount of air in the
various ballonets, the trim of the air-
ship may be altered without using the
elevators. Fig. 8-3 shows that for the
Phase II airship this would amount to a
maximum moment of 1.56 x 10 _ Newton-
meters (1.15 x 106 pound-feet). This
moment is equivalent to about about 1.5 °
of elevator at a cruise of 26.8 m/s (60
miles/hour) or about 5° of elevator at
13.4 meter/sec (30 miles/hour). The
Phase I airship would show similar
values for reduction of elevator de-
flection by using ballonet trim.
8,3,3,2 INTERNAL FLUID TRANSFER
Trim in the airship may also be
altered by the movement of fluid from
forward to aft containers or vice versa.
This change in position of fluid will
give a moment which will reduce or even
eliminatc the elevator def!p_tion
required for trim. The fluid may be
water ballast and/or fuel. The fuel
tanks which supply the engines will be
interconnected to provide transfer of
fuel among the various tanks, thus allow-
ing for the use of this fuel for trim
management. Water ballast tanks are
located in both the loading platform
and the Hpper tetrahedron grid with
interconnects such that water may be
transferred from either level or within
each system to assist with trim.
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FIGURE 8-3
STABILITY MOMENTS
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8.3.3,3 DISPOSABLE BALLAST
A third way of providing trim cap-
ability is by the use of disposable
ballast. This could be achieved by use
of disposable fluid such as water or com-
pressed air or solids such as dirt, sand,
gravel, etc. In addition to providing
trim, it would also lighten the airship,
thus reducing the amount of heaviness.
This would allow the airship to fly at a
reduced angle of attack which in turn
would reduce the induced aerodynamic drag.
8,4 VERTICALTAKEOFFAND LANDING
Both Phase I and Phase II airships
are to be operated as VTOL aircraft. Since
water recovery systems are not to be used,
it will be necessary to take off "heavy"
in the amount of at least one half the
weight of fuel that will be planned to be
expended during the mission. This would
make the ship "light" in the amount of
one half of the expended fuel at the end
of the mission (ref. 8-1).
Vertical takeoff and landing is
accomplished by rotating the side-mounted
turboprop engines to a near vertical
position. The vertical thrust from these
engines will offset differences between
gross weight and lift of the airship.
The angle of the vectored engines will be
determined by the thrust required to hold
the ship against the wind during these
operations.
8.5 HOVERINGMODE
Hovering, or station-keeping abilit_
is one of the most important aspects of the
airship operations. To accomplish many of
the more profitable missions, the ability
to remain in a stable position a short
distance above the ground while loading
or unloading cargo is necessary. Time
required to transfer cargo to and from
the airship must be minimized.
Hovering will be accomplished by
supporting the weight of the airship and
cargo by a combination of the buoyancy of
the airship and thrust derived from the
engine propeller slipstreams directed in
vertical or near vertical positions. The
fine or vernier control of position will
be accomplished by the use of thrustors.
Thrustors are high energy air jets
commanded by the control computer system
and the pilot. Holding against winds and
supporting overloads will be done With the
power of the main engines. Swivelling the
main side-mounted engines through (90%), in
conjunction with reversible props, will
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allow the thrust to be directed along
desired directions to provide upward or
downward forces.
The direction and power of the
engines will provide the primary or
course control of the airship. These
engines will be of the turboshaft type
driving large 7.62 meter (25 foot) dia-
meter rotors. As discussed in Chapter 6,
the engines have a normal rating of 932
kilowatts (1250 shp) and a weight of 240
kilograms (530 pounds). The three-
bladed rotors are stiff in plane and
gimballed. The blades are a high-twist
design, with wide chord, suitable for
both lifting and flight modes.
The thrustors are used for fine
control of position and maneuvering and
are of the compressed air jet type.
Operation is electrical and a relatively
fast response time is provided to mate
with the slower main engine response.
This should dampen small wind gust per-
turbations.
The airship will be brought into a
load or unload position with its nose into
the wind, using the tail engine to main-
tain zero ground speed against the pre-
vailing head wind. The side engines will
be rotated to a near vertical position
and used to control the height of the air-
ship.
The pilot would lower the airship to
the desired working altitude and then
switch to the automatic height control
computer mode. Some control in the hori-
zontal plane will be possible, but with
wind shifts this will be more difficult.
The only remaining operation is then to
lower the cargo using the hoist system
mounted in the cargo hold.
The vertical thrust will offset
differences between gross weight and gross
lift of the airship. The angle of the
vectored engines will be determined by
the thrust required to hold the ship
against the wind with the small thrustors
providing fast acting fine control for
gust loads.
8.6 STABILITY
8,6.1 INTRODUCTION AND NOMENCLATURE
Most early stability investigations
on airships were concerned with the
"static" stability and, in particular,
with the stability of two-dimensional
craft since these were easier to treat
theoretically. Theoretical treatments
on dynamic stability have again been
largely two-dimensional, without as yet
anynotable success. Dataof windtunnel
modeltests are scarce. For these reasons
the treatmentof stability andcontrol
here mustbe somewhatelementary. It is
hoped,however,that the renewedinterests
in LTAtechnologywill enablethis to be
rectified in the courseof refined research
on the subject.
Nomenclature
X,Y,Z
XlYIZ1
V
U
B
L
D
TL
m
My
P
9
8
A
q
r
P
Y
h
£
£A
£T
Wstr
S
Airship body axes
Inertial axes
wind velocity
trim velocity of center of
rotation (c.r.) along X axis
buoyancy force
hull lift force
drag force
tail thrust or propeller thrust
total of airship structural,
gas and apparent mass
pitching moment
air density
angle of attack
pitch angle
angle of sideslip
perturbation of a parameter from
the trim condition
pitch rate about Y-axis
Yaw rate about Z-axis
roll rate about X-axis
airship lateral position with
respect to initial position
along Y-axis
distance of C.R. below centerline
or airship
total length of airship
distance between C.R. and nose
distance between center of buoyancy
(c.b.) and center of p;essure (c.p.)
distance between c.b. and tail
,weight of structure
aerodynamic reference area
Iyy
Izz
Ixx
Ixz
CL ½ I V 2
D
CD ½ p V 2
Cm ½ p M_
Cn ½ p _
rotaryCmq due to
Cnr rotary
due to
rotary
C£p due to
aerodynamic longitudinal reference
length
moment of inertia (pitching)
moment of inertia (yawing)
moment of inertia (rolling)
product of inertia
L
S lift coefficient
S drag coefficient
S pitching moment coeff.
about C.R.
SB yawing moment coeff,
about C.R.
S side force coefficient
damping coefficient
pitching
damping coefficient
yawing
damDina coefficient
rolling
8.6,2 STATIC STABILITY
During steady flight conditions,
airship stability in the state of equili-
brium is governed by the aerostatic and
aerodynamic effects in both longitudinal
flight and curvilinear flight. These can
be considered separately. In particular,
the pitch mode stability in longitudinal
flight is of primary concern.
8,6.2.1 PITCH MODE
The force elements which contribute
to aerostatic and aerodynamic moments
with respect to the center of buoyancy
(c.b.) are shown in the schematic of
Fig. 8-4. Summing the moments of all
forces relative to c.b. gives the moment
equation of pitch equilibrium,
M0+(L£A-Wh) sin _-LT£ T cos _ = O (8_i)
where Mo is the zero-lift pitching moment,
which may be equated to zero in most cases.
The contribution of the hull lift-
ing moment to the stability of the
airship is nearly always destabilizing,
and the destabilizing effect is quite
large, as one can see from Fig. 8-5 and
the sample solid line plot of Fig. 8-3.
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Thetheory accountingfor the
effects of the tail surfaceson the
airship stability is rather complex.
In the caseof longitudinal stability
the frictional lift anddrag contribu-tions are usually neglected. UsingMunk's
equation (ref. 8-2), with a correction
factor (K2 - KI) whichdependson thefineness ratio, onecanexpressthe
variation of the_pitchingmomentwith
respect to the angleof attack asfunction of volumeanddynamicpressure,
q, on the tail surfaces. Thus,
dMT= Volume
28.7 (K2- KI) q (8-2)
L
m_O_AL J
FIGURE 8-4
AIRSHIP IN LONGITUDINAL FLIGHT
PITCH MODE
For tail control surfaces on both
Phase I and Phase II vehicles,an airfoil
section, NACA-0009 (ref. 8-3), was chosen.
This representative airfoil is sym-
metrical in shape with respect to its
chord with a maximum thickness of 9 per-
cent of the chord and with a flat length
about 30 percent of the length of the
airfoil section. The flat serves as an
elevator for the horizontal surface, and
it serves as a rudder for the vertical
surface. The horizontal and vertical
control tail surface areas and their
corresponding hinge moments for the
Phase I and Phase II designs, respect-
ively, are tabulated in Fig. 8-6.
Other stabilizing moments include
the ballonet trim moment due to gas in-
flation or gas valving control, the
thrustor moment as well as the moment
change due to c.g. shift in both vertical
and axial directions. However, such
c.g. shifts in axial direction normally
are small for an airship designed with
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FIGURE 8-5
DESTABILIZING AIRSHIP
HULL MOMENT DERIVATIVE
compartmentalization of gas space; thus
the resulting gas surge forward and aft
is minimized. In Fig. 8-3, we have
illustrated in dashed lines, various
stabilizing moments for a sample flight
speed of 6.7 meters per second (15 mph.)
(for Phase II airship design). Plots for
other flight speeds can be obtained in a
similar fashion. Note thatsin this
figure, all moments in dashed lines are
of stabilizing nature and they are addi-
tive. It should also be noted that the
static trim adjustment varies with
altitude and temperature.
8,6,2,2 ROLL AND YAW
No automatic control system is
needed for roll stabilization since the
large positive metacentric height (the
c.g. is about 6.1 meters (20.01 ft.) and
11.3 meters (37.07 ft.) below the c.b.
for the proposed Phase I and Phase II
vehicles, respectively) provides
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FIGURE 8-6
TAIL SURFACE AREAS AND
HINGE MOMENTS
sufficient inherent stability. As shown
in Fig. 8-7 the roll motion in static mode
is similar to that of a pendulum.
Since there is no aerostatic effect
in yaw from fore and aft instability,
stability and control in yaw is less
critical, and hence less vertical stabil-
izer and rudder area may be needed. One
might note that some blimps have been made
without an upper rudder, and sometimes
without an upper fin (especially for high-
altitude airships).
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FIGURE 8-7
AIRSHIP IN ROLL EQUILIBRIUM
8.6.2,5 CURVILINEAR FLIGHT
When an airship is in steady
curvilinear flight, the outward centri-
fugal force must be balanced by aero-
dynamic forces acting inward. This
force cannot be provided if the airship
remains aligned along a tangent to the
curved flight path traced out by the c.g.
It is generated as a side force on the
body and fins by the airship taking up
a yawed position across the flight path
with a nose-in attitude. On deflecting
the rudders to some fixed angle, the
side load on the fins willswing the
tail out and Lhe resulting yaw gives an
opposite side load on the body, which
pushes the airship spiraling into a turn.
The radius of the turn decreases
until the damping moment (yawing moment
due to the rate of yaw) balances the
static yawing moment. However, because
the radius of turn is low, the airship
settles into the turn with the nose
aligned approximately with the flow, i.e.,
zero yaw. Amidships the flow has the
nominal yaw angle, but the tail is swing-
ing wide and experiences about twice the
normal yaw angle (see Fig. 818).
Munk, ref. 8-2, has extended his
analysis of the areodynamic forces on
an airship moving in an ideal nonviscous
and incompressible fluid to include
steady curvilinear flight. It appears
that the ship when flying in a curve or
circle experiences almost the same
resultant moment as when flying straight
and under the same angle of pitch or yaw.
The entire transverse force on an
airship, turning under an angle of yaw B,
with the velocity V, and a radius R, is,
according to Munk (ref. 8-2)
dS V2 _ sin 28 (8-3)dF = dx[(K2-K I) _--_
+K'v_s cos B +K'v2 %_
dS
d%- cos B]
where
F = the transverse force
x = distance along the longitudinal
axis of the airship measured
from the aerodynamic center
S = cross-sectional area of the hull
K I, K 2 = coefficients of additional
mass of air transversely
and longitudinally, res-
pectively
K _ = coefficient of additional mass
of air due to rotation.
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FIGURE 8-8
AIRSHIP IN CULVILINEAR FLIGHT
The first term of eq. (8-3) agrees
with the moment of the ship flying
straight having a yaw B. The direction
of this transverse force is opposite at
the two ends, and gives rise to an unstable
moment. The ships in practice have the
bow turned inward when they fly in a turn.
Then the transverse force represented by
the first term of (8-3) is directed in-
ward near the bow and outward near the
stern.
The sum of the second and third
terms of (8-3) gives no resultant force
or moment. The second term alone gives
a transverse force, the magnitude and
distribution being almost equal to the
transverse component of the centrifugal
force of the displaced air, but reversed.
Although the experimental deter-
mination of the areodynamic forces upon
an airship in a steady turn is very
difficult, some early reports of wind
tunnel experiments are available. The
well known wind tunnel oscillation test
used for the study of airplane rotary
derivatives should be with slight modi-
fications, applicable to airships. In
1924, at the Luffschiffbau-Zeppelin
Werft, Klemperer (ref. 8-4) tested a
model of the airship LZ-126 (the U.S.S.
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Los Angeles) in the wind tunnel to study
the steady turn conditions of the airship.
In 1932, R. H. Smith of MIT tested
several models of the U.S.S. Shenandoah
(unpublished report). Around the same
time, Troller (ref. 8-5) built a whirl-
ing arm laboratory at the Guggenheim
Airship Institute at Akron, Ohio for ex-
ploring the conditions of curvilinear
flight of airships.
Smith confirmed the usual theoreti-
cal assumption that the forces due to
rotation are practically proportional to
the curvature of turning path up to as
sharp curve as can be flown by airships
under full rudder. The proportionality
factors (rotary derivatives), however,
appear to be appreciably affected by,
and not independent of, the simultan-
eously prevailing angle of yaw. The
latter phenomenon appears more emphasized
on Smith's tests than in Klemperer's.
8.6,3 DYNAMIC STABILITY
The formulations of equations of
motion for dynamic stability of airships
is comparable with that of airplane
stability (ref. 8-6) even though the air-
ship equations are far more complex.
The additional complexity is due to the
following:
(I) The principal sustaining force
of airships comes from buoyancy, with a
fraction of additional force available
from dynamic lift.
(2) The equations of motion are
about the center of rotation (c.r.) which
takes into account the apparent addit-
ional mass and the apparent additional
inertia of the external sheath of air
surrounding the hull. These apparent
mass and inertia effects are essentially
reactive forces and moments caused by
imparting an angular velocity and a
linear and angular acceleration to the
surrounding air. The acceleration
stability derivatives not only occur
explicitly in the dynamic equations but
also occur implicitly by modifying cer-
tain of the stability derivatives.
8,6,3.1 PITCH MODE
First, consider an airship under-
going planar motion as illustrated in
Fig. 8-9. The axes X,Y,Z are body-fixed
axes, while XI, YI, Zl are the inertial
axes. Applying Newtonian laws of motion,
realizing that the airship is a body with
a plane of symmetry with respect to the
X-Z plane (Y-axis is the principal axis,
and the products of inertia Ixy and Iyz
vanish), the differential equationsof
motionin the pitch modecausedby the
input changeof elevator angle A6 e can
be derived, linearized, nondimension-
alized, and expressed in the form
( /)Ill)Us _ - Us As Z_ _e=
- s2-MqS-M 0 A@ M_ 46 e
where
Zq = - PV2S (CDo+CL)/2m
(8-4)
Z 6 _ TL/M
M a = (½0V2S_ C m )/Iyy
Mq = (½pV2S_2C m )/2IyyU
q
M e = (Wsth)/Iyy
M_ = TL(_T)Iyy
The detailed mathematical derivat-
ion is similar to that given in Perkins
and Gage, ref. 8-6.
The transfer function of eq. (8-4)
is in the form
@ (s) KI (s + TI)
8;-_--S_ = _+-T-_IsZ+T12s + TI3
(8-5)
where KI is the gain constant and TI,
T..(i=l,j=l,2,3) are time constants of
t_ system. Equation (8-5) is a typical
three-pole, one-zero system. The root-
locus method (ref. 8-7) may be used to
study the characteristics and conditions
for the stability of pitch.
8,6,3,2 YAW AND ROLL
If, while flying under equilibrium
curvilinear flight, the rudder is rotated
through the angle 6r, as shown in Fig. 8-
i0, the airship will turn as indicated.
The equations of motion for such a ma-
neuver can be formulated, and based on
ref. 8-6, are:
I
\e-NrS+N -psZ-NpS -NrSAAY _A_y} (8-6)
where
L B = (½pV2SCyBh)Ixx
Lp = (½pV2SD CLp)/2IxxV
B Y. YI
Zl
L¢ = - (Wsth)/Ixx
L s = -(TLh)/Ixx
N r = (½pV2SS_C )/2IzzU
n r
N B = (½oV2S_CnB)/Izz
N_ = TL_T/Izz
FIGURE 8-9
ASCENT WITH GYRO AXIS
VERTICAL AND ELEVATOR DEFLECTED
TRAILING EDGE DOWN
Equation (8-4) is a linearized two-
degree-of-freedom system. For'a given
airship, the dimensional measurements,
the mass and the moments of inertia and
theaerodynamic stability derivatives
ar_ treated as given data. These data
must be'obtained from the structural
designers and aerodynamic engineers by
computations and wind tunnel model tests.
Np = (½pV2SD2C n )/21zzV
P
Y = (½pV2SSC )/2mY
r Yr
YB = (½pv2NCy)/m
Y$ = -TL/m
= IXZ/Ixx
Note that eq. (8-6) is a linearized
three-degree-of-freedom system. The
transfer function of yaw can be expressed
as.
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_(S) = K2(s3+T21s2+T_2s+T23) (8-7)
_i(S) s_+T31s * +T3_s _ +T33SZ+T_s+T35
where K2 is the gain constant and T2_, T22,
• • ., T31, T32, • • ., T3s are the time
constants, which in turn, depend on the
given data of the airsnlp to be designed.
Again, the root-locus method may be used
to investigate the characteristics and
conditions of stability in yaw and roll.
8,6,4 THRUSTOR CONTROL
Airship control can be conveniently
-divided into the following three main
categories:
i. Aerodynamic control surfaces
2. Side vectoring devices
3. Lift thrusting devices
Although free stream control surfaces
(fins) can be used to provide yawing,
rolling, and pitching moments as well as
lift, drag, and side forces, their primary
use has been to provide a yawing moment
and directional control. The use of
aerodynamic forces via {he rudder is
effective at the high speed range; how-
ever, its effectiveness rapidly drops off
with reduced speed. The rudder normally
becomes of little value for control well
before ground maneuvering speeds are
approached.
To insure more positive, faster re-
sponding control for both trimming and
maneuvering, direct, vectorable thrust
control will undoubtedly emerge as a
practical control design. Direct, vector-
able thrust control can provide active
control throughout the entire flight en-
velope of the airship but will be
especially useful for airship handling
near the ground.
Thrust producing devices include
propellers, control ports, jet vanes and
swivelling nozzle rockets. These thrust-
ing devices are contingent on a rigid
hull; without this quality of structure,
most thrustors would actually be hazar-
dous. Som_ care must be exercised in their
design and use, since ports on the sides
of the airship might locally alter the air
cushion. This could give an adverse roll
- and tend to give a side force in the
opposite direction.
The effectiveness of any thrustor is
dependent on the airflow available and its
distance from the c.g. Even in ideal
design situations, thrustor forces are
expected to be small and would only pro-
vide secondary control. The conventional
method of using jet vanes has the advan-
tages of large control forces and a high
response rate. The disadvantages are a
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continual thrust loss because of the vanes
and severe material problems in high
temperature. The desirable features
of using the swivelling nozzles are that
there are no losses in thrust or impulse
and that the control characteristics
are linear. It requires shielding against
the hot high-pressure exhaust gases.
Finally, the method of achieving thrust-
vector control using rockets or turbo-
jets involves the non-axisymmetric in-
jection of secondary fluid within the
nozzle. The injection of secondary fluid
disrupts the supersonic nozzle flow,
causing shocks resulting in a nonaxial
exhaust momentum flux. Advantages of
this system are its low weight and its"
lack of moving parts. Gimballing of the
complete liquid-propellant rocket is
feasible because the unit is reasonably
small.
\
x ,,\ \
_,\\ \I\ ' ....
FIGURE 8-Z0
LEFT TURN WITH GYRO AXIS ALIGNED
N-S AND RUDDER DEFLECTED
8,6,5 FLIGHT STABILITY IN GUSTING WINDS
Turbulence, %:hether encountered in
cruise flight or on ground level maneuver,
whether encountered as a pilot or as a
passenger, can be a highly disconcerting,
discomforting, and a potentially danger-
ous experience. Yet in a study of the
history of airship flying qualities, a
conspicuously small amount of attention
has been paid, either theoretically or
experimentally, to the effects of atmos-
pheric turbulence on the pilot's cap-
ability to control the airship. Never-
theless, a considerable amount of
knowledge has been accumulated in the
past regardingthe characteristics of
atmosphericturbulenceandampleevidence
is available from pilot commentarycollect-
ed during operational useandduring flight
test programs.
Theadverseresponsesdueto flying
an airship in heavyturbulence include
the physiological effects on pilots and
passengers,fatigue damageto structural
elements,andthe possibility of extreme
load damageto somevital part of the air-framestructure.
Thesystemconceptof the control of
the airship in the presence of atmospheric
disturbances can be illustrated with the
aid of Fig. 8-11. The response _ of the
closed loop, pilot-airship system to
command inputs C and to turbulence _ may
be expressed in general using transform
notation as
_(s) = Ypilot YshipE(S)+Yturb _(s) (8-8)
or in terms of the closed loop pilot-air-
ship transfer function
Y
r(s) = pilot Yship C(s) +
l+YpilotYship
Yturb g(s) (8-9)
1 + Ypilot Yship
_(s) E(s) PILOT AIRSHIP ] r(,)
FIGURE 8-11
AIRSHIP CONTROL SYSTEM
It is required to minimize the error
E between the airship's response and
command input
E(s) = i
1 + YpilotYship
Yturb g(s)
1 + YpilotYship
_(s) -
(8-I0)
The nondeterministic nature of
turbulence makes it necessary to refer to
statistical measures for the definition
of the Lime or spatial variation of the
turbulence field. Mathematica]_ tools and
techniques such as Fourier transforms
and random process theory, and parti-
cularly the correlation function and
power spectral density analysis, lend
themselves to a description of turbu-
lence suitable for airship dynamic re-
sponse study. Fig. 8-12 shows the flow
chart of a power spectral gust design
procedure for HTA craft proposed by the
FAA (ref. 8-8 and 8-9). High-speed HTA
craft respond very rapidly to distur-
bances in the pitch mold. Unlike HTA
craft, airships are characterized as
relatively low speed, large volume,
buoyancy-control vehicles. The air-
ship_ response to disturbances will
be so slow that the vehicle could con-
ceivably fail structurally before the
human pilot or autopilot could react to
the motion at all.
The stability and control problem
of airships is probably the least under-
stood and paradoxically the least in-
vestigated facet of LTA design. If a
comprehensive study of the complex
problem of an airship in gusts is to be
attempted, then it would be useful to
divide the task into the following
areas of investigation:
i. The kinematics of interaction
between the airship and "gusts".
2. The resulting aerodynamic forces
and moments acting on the airship.
3. The dynamic response and the in-
duced stresses on an airship
caused by these forces and moments.
4. The method of controls and manuevers
to achieve stability and acceptable
flight quality.
Stability and maneuverability are
not always compatible. For example, an
airship could be made completely stable
by making the tail fins large enough, but,
aside from weight considerations, the
primary reason for not doing so is to
obtain improved maneuverability by using
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FIGURE 8-12
POWER SPECTRAL GUST DESIGN
PROCEDURE FOR HTA PROPOSED BY FAA
this instability. The earliest aero-
nautical experimenters had hoped to achieve
"inherent" stability. Many pursued this
goal and discovered how to set the inci-
dence of the tailplane so as to achieve
"longitudinal stability" with respect to
the relative wind, and to use wing di-
hedral so as to achieve "lateral
stability." It gradually became clear,
however, that configurations with a
large amount of such inherent stability
were distressingly susceptible to being
upset by gusts. When an airship is
negotiating a turn, the turning maneuver-
ability can be made easier because the
instability allows the nose to swing into
the turn. The trade-off is one of constant
intervention of the human pilot, or by
automatic control of flight path and
attitude, plus a continual, if gradual
undulating and fish-tailing motion.
Stability is actually secured with the
mechanism of "feedback," a principle by
which cause and effect systems are
modified to secure certain desirable
properties. Information about the effect
is fed back to the input and is used to
modify the cause. It is conceivable that
modern airships will require artificial
stabilization, automatic attitude and
speed control, and rapid thrust response
for satisfactory flying qualities. An
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airborne digital computer can be used to
input and regulate the pilot control
commands. The information will be pro-
cessed in real time, with signals con-
tinuously returned in a feedback loop for
monitoring and control purposes.
Several very recent papers related to
airship stability and control are ref. 8-
i0, 8-11, 8-12, and 8-13.
8,7 THERMODYNAMICMANAGEMENTOF LIFT
In themost general terms, thermo-
dynamic management of lift (TML) simply
means the control of the application and
withdrawal of heat to the lifting gas.
It is fairly obvious that in most cases
heating the gas is easier and can be
accomplished much more quickly than cool-
ing, particularly if the gas in its heat-
ed state is confined to a large volume
at low pressure.
The following represents the two
broad applications for which thermo-
dynamic management of lift might be used:
i. Heating and cooling of the lifting
gas in order to maintain airship
trim, to avoid venting of lifting
gas, and to eliminate partially the
use of disposable ballast.
2. Preheating the lifting gas before
take-off to eliminate the otherwise
"dead air" ballonet volume to
achieve maximum lift capability.
The methods of implementing TML are
numerous, and much discussion on the sub-
ject has occurred in the literature,
(ref. 8-14, 8-15, 8-16).
8,7.1 NORMAL SUPERHEAT
Any condition which causes the gas
temperature T G to differ from the ambient
air temperature T A can be broadly classi-
fied as superheat. Natural or normal
superheat arising from solar radiation is
considered positive since direct sunlight
heats the gas resulting in the condition
T G >T A. Negative superheat occurs any-
time the gas temperature is less than the
ambient air temperature. An airship in
flight may suddenly run into cooler or
warmer portions of the atmosphere. Under
these conditions, the gas will not res-
pond instantly, but due to its thermal
inertia will require time to adjust its
temperature back to thermal equilibrium
with its surroundings.
It should be noted that a rapid
descent will give rise to an adiabatic
increasein the temperatureof the liftinggas, while a high airspeedresults in a
rapid cooling effect, therebyreducingthe
total superheatlift. Unevenheating,
resulting fromthe airship movingin and
out of cloud cover, mayresult in trim and
balanceproblems. Fromthe foregoing
considera£ions,it is seenthat superheat
mayintroduce unwantedor unexpectedsink-
ing or lift conditions. Mostof the
undesirablesuperheateffects occurduring
critical operationsnear the ground(such
as obtaining unwanted lift upon removing
the airship from a hanger on a sunny day),
or on approach to the ground (having
descended from cruising at cooler alti-
tudes).
Superheat may, of course, be exploited
to advantage, but in general, natural
superheat often adds a degree of uncer-
tainty to airship operations and fre-
quently complicates the trim and ballast
control. Therefore, methods to eliminate,
modify, or exploit superheat are desirable.
In the present study, it is expected that
the relatively thick sandwich construction
of the hull walls (a layer of insulating
foam between an inner and outer metal
skin), will provide an outstanding thermal
barrier to heat transfer. In effect, the
lifting gas in both the Phase I and Phase II
airship is contained in a highly insulated
hull with a reflective metallic surface.
This would give the confined gas a large
thermal inertia against rapid changes in
superheat.
The fact that both Phase I and Phase II
are pressure-rigid airships yields the
added advantage that they are far less sub-
ject to the vagaries of superheat than
were the Zeppelin type (non-pressure
rigid) airships. For example, for pur-
poses of calculation, assume that both
Phase I and II operate under a nominal
internal pressure which is 1.24 x 103 New-
tons/m2 (5 inches of water) above standard
atmospheric pressure. If the vehicles
begin to absorb superheat, then as the
temperature of the lifting gas begins to
rise, the internal gas pressure can be
allowed to increase to 3.73 x 103 New-
tons/m2 (15 inches of water) above ambient.
B_ allowing the airship's internal pres-
sure to increase to its safe upper limit,
the tempeterature increase due to super-
heat can be absorbed at constant gas
volume; hence the gas density remains
constant and no lift from superheat
occurs. For the case discussed, the
temperature can increase from 15oc
(59OF) to 22oc (71.6OF); that is, super-
heat in the amount of a temperature
increase AT = 7oc (12.6OF) can be safely
absorbed by these pressure-rigid airships
without generating any lift. The advan-
tage is obvious when one realizes the
amount'of lift produced by this much
superheat on a conventional rigid
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(Zeppelin) airship would be 2.31 x 104
Newtons (2.6 tons) for Phase I and
8 x 104 Newtons (8.98 tons) for Phase II.
The assumption is that a conventional
rigid airship would absorb superheat
through an isobaric expansion of the lift-
ing gas.
8,7.2 HEAT TRANSFER MODEL TO
DETERMINE SUPERHEAT
To determine an estimate of the
change in helium temperature during air-
ship exposure to the sun, the following
heat transfer model was developed. The
model is
qR = qc + qHe
where
(8-i1)
qR = heat radiated from the sun to the
airship
qc = heat convected away from the hull
qHe = heat absorbed by the helium
If the temperature of the helium (THe)
is assumed to be equal to the hull
skin temperature (Ts), then the difference
between hull and air temperature becomes
the superheat temperature (AT). That is
AT = T s - T a = THe - T a (8-12)
The model can be solved for the superheat
temperature to yield
AT (8-13
T = _GAp hAcAT+ mCp
where
G =
A =
P
h _-
absortivity of the hull skin
solar constant at the ground =
3.419 x 106 joules/m2.hr
projected area of the hull for
radiation (assumed to be 0.8
length x diameter)
convective heat transfer coeffic-
ient, assumed to be 2.05 x 104
Joules/m2-hr o c (i BTU/ft2-hr-°F)
for the stationary ship and cal-
culated f_om h = (k/L) (0.036
prl/3Re 0-8) when the ship is mov-
ing, based on a fully turbulent
boundary layer on a flat plate,
where
k
Re =
thermal conductivity of air
Reynolds number, based on length
(L) of the airship
Pr = Prandtl number
A c = Area for convection (assumed to be
1/2 the wetted area of the hull
m = total mass of helium (assumed 95%
pure)
C
P
= heat capacity of helium
= 5.21 x 103 Joules/kg'°C
(1.24 (BTU/Ib'°F)
AT = time interval of exposure to sun.
To calculate the maximum temperature
of the helium, equilibrium between the
_solar radiation absorbed and heat lost
due to convection is assumed. The equili-
brium superheat temperature is reached
in the limit of very long exposure to the
sun, and is calculated from AT as
= lim ( AT)= _GAp
ATeq AT÷_ --hA
C
For both Phase I and II (ambient tem-
perature = 10oc = 50OF) the equilibrium
temperatures are tabulated in the table
below for (a) motionless (static) con-
ditions and.(b) flight (_ynamic) condit-
ions.
ATeq for ATeq for
Motionless Flfght
Conditions Conditions
Phase I 32.8oc(59OF) 5oC(9OF)
Phase II 32.8oc (59°F) 6.8°C (12.3OF)
In both cases, slightly more than 6 hours
is needed to approach thermal equilibrium
for the static case, while in flight (at
cruise airspeed) equilibrium is essen-
tially reached in 1 hour. These calcu-
lations are significant because large
amounts of superheat can be expected to
slowly build up in both airships at rest
over a long period of time. While in
flight, however, the equilibrium super-
heat temperature, which occurs in a little
more than one hour, is still less than the
7°C (12.6°F) superheat which the airships
can absorb by increasing their internal
pressures at constant volume without
generating any additional lift. The heat
transfer model is very simplistic in
nature, and it should be conservative in
estimating the superheat temperatures.
Superheat on the ground may be mini-
mized or controlled by
i. emploYing a highly reflective hull
finish;
2. circulating air through the
ballonets, which will be
3.
continually under pressure even
when not in flight;
automatically pumping water on
or off the airship for trim and
balance when moored.
8,7,3 ARTIFICIAL SUPERHEAT
8,7.3,1 THE HOT HELIUM CONCEPT
Thermodynamic management of the lift-
ing gas by artificial heating would not
be difficult to achieve while imposing
little weight penalty. While a number of
techniques exist for implementing this
concept, the following represent a few
of the more feasible possibilities:
i. Using heat from engine exhausts
to maintain the temperature of
the lifting gas above ambient.
2. Obtaining heat from electrical
power on the ground
3. Maintaining heat in flight from
onboard electrical generators
or industrial propane burners.
Obviously, the details of the first
method are highly dependent on the type
of engines used, being easier to facili-
tate recovery of exhaust heat from diesel
or gasoline piston engines which use
radiators across which the helium could
be circulated for heat exchange purposes.
Heat recovery, like water recovery, from
the exhaust of gas turbines is more
difficult, however, and possibly im-
practical due to the large gas volumes
in the exhaust. The energy recovery
would necessitate very large and well
designed heat exchangers because of the
sensitivity of this type of engine to
adverse back pressures.
Artificial superheat could be
supplied directly to the lifting gas
through electrical resistive heaters
which would be located inside the air-
ship hull itself. Preheating the helium
by this method on the ground offers the
possibility of taking off with extra
cargo and/or fuel.
If supplementary heating of the lift-
ing gas is employed, then relatively
modest temperature increases for the
large volumes would be sufficient for
most maximum lift or "overload" missions.
For the Phase II airship, for example,
heating the helium at constant pressure
from 15oc (59°F) to 25.4°C (77.7°F) just
before takeoff will provide 1.18 x 105
Newtons (2.65 x 104 pounds) of additional
lift. This would be sufficient to carry
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the design fuel capacity plus some
additional reserve. Theamountof
energyrequired to heat the heliumto25.4oc(77.7OF)is only 3.3 x 109Joules(3.13x 106Btu). Assumingthat naturalgaswereusedto provide the thermal
energy (with a transfer efficiency of
50percent),the cost of the heating based
on 1975prices (ref. 8-17) wouldbe less
than $i0.
Under ISA conditions, it would be
possible to heat the helium on the ground
up to a maximum temperature of 75°C (167°F)
before pressure height is reached. This
helium temperature plus the volume in-
crease would provide 6.8 x 105 Newtons
(76.5 tons) of additional lift. It would
probably be impractical to try to main-
tain this maximum helium temperature while
in flight. Considering conduction through
the multilayer hull and convective losses,
a simple model from basic theory (ref. 8-
18) predicts a heat loss of approxi-
mately 8.44 x 109 Joules (8 x 106 Btu/
hour). Direct heating by propane burners
would be possible, but extensive ducting
and large blowers would be required.
The most feasible application of lift-
ing gas heating, therefore, appears to be
on the ground heating to temperatures which
will compensate for a portion of the fuel
and/or cargo load. Controlled cooling
during the subsequent flight would allow
a progressive loss of lift to balance the
weight of the liquid fuel consumed.
8,7.3,2 THE HOT BALLONET CONCEPT
An alternative method of achieving
artificial superheat is obtained by heat-
ing the contents of the ballonets, which,
at takeoff conditions (I.S.A. at sea
level), would normally be fully inflated
with air. The ballonet air thus supplies
no lift, serving only to pressurize the
hull of the airship (by means of on-
board fans or blowers supplemented by
external airscoops during flight). By
heating some portion of the ballonet air
volume, additional lift will be gener-
ated. While this technique offers a
relatively small amount of lift, an even
greater advantage is realized in trim and
ballast control. That is, the hot air in
the ballonet can be thought of as a dis-
posable fluid which can u= duA,F=u quickly
and inexpensively to maintain airship
trim. In view of the fact that costly
helium should be vented only in extreme
emergencies, hot air, as disposable
ballast, will provide emergency lift
control.
The simplest method of implementing
such a system would be to heat a limited
number of fore and aft ballonets
(possibly as few as two) by industrial
liquid propane gas burners. These units
would be identical to the type now used
by hot air balloonists and could be in-
stalled in much the same manner as is
found on the manned thermal airship manu-
factured by Raven Industries, Inc., of
Sioux Falls, South Dakota (ref. 8-19).
The rate of liquid propane consump-
tion necessary to maintain the hot ballo-
nnets at i00°C (212°F) is estimated to
range from .05 kilograms/second (400
pounds/hour) to 0.18 kilograms/second
(650 pounds/hour). These estimates are
based on extrapolations from existing
balloon fuel consumption rates (ref. 8-20).
The lower value is probably the more
accurate in view of the fact that the
hot ballonets are surrounded by a stag-
nant dry gas; hence the rapid convective
cooling experienced by hot air balloons
in motion would not occur in the present
case.
For the Phase II ship, as an example,
assume a total volume of 2.83 x 104m 3
(106 ft 3) divided equally between two
ballonets located some distance fore and
aft of the center of gravity. If heated
to i00oc (212OF) these hot air volumes
would supply a total lift of 7.7 x 104
Newtons (17,400 ibs). The exact shape of
the ballonet volume would determine the
weight penalty of such a system. However,
it is possible to adjust the location,
size, shape, and number of the other
ballonets, such that incorporating two
large hot air ballonets of the type under
consideration may result in little or no
increased weight.
Propane burners with very high heat
to weight ratios are readily available in
many different sizes. Typically, rela-
tively small, lightweight units from the
hot air balloon industry have outputs
ranging from 5.86 x 105 watts (2 x 106
BTU/hour) to 3.22 x 106 watts (Ii x 106
BTU/hour) (ref. 8-19).
A simple thermodynamic model was
developed to investigate the heating
effect that could be expected to occur
from heat transfer from a distribution of
hot air ballonets into the surrounding
helium. For the worst possible case
(for Phase II), it was assumed that the
entire ballonet volume was divided into
many (15) small hot air ballonets, 3.68
x 104 m 3 (1.3 x 105 ft 3) each, which
were distributed down the length of the
Phase II hull, separating it into 16
helium cells_
With the maximum ballonet temperz
ature of 100°C (212°F) it was found that
the internal temperature rise for the
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heliumwasATHe_ 16.7°C(30°F)andthathalf of the total temperaturerise occurred
in 30minutes. With noadditional heat
beingadded,internal thermalequilibrium
betweenthe ballonet air andthe stagnant
heliumwasessentially reachedin approxi-
mately 90minutes.
It shouldbeemphasizedthat while the
hot air ballonet systemwill provide far
less lift [hot air at 100oc(212°F)pro-
vides only about1/4 the lift of helium
at 15°C(59°F)] than heating the liftinggas itself, its mainadvantagerests withthe fact that moderatelyrapid differential
trim is possible. For example,by heatingthe contentsof the forwardballonet while
dumpingthe hot air contentsof the after
ballonet, a sizeable pitch momentwould
result to raise the bowof the ship.Pushingthe hot air out by meansof forced
air blowerswouldstill allow internal
pressureto bemaintainedwithin the hullduring all phasesof the operation. Ob-
viously, monitoringandmaintaining inter-
nal temperatures,pressures,andtrim will
be routinely accomplishedautomatically
undercomputercontrol.
8,8 SUMMARY
The ultimate success of future air-
ships will, in large part, be based on
advanced stability and control systems.
Applying off-the-shelf modern aerospace
technology to the airship of today will
revolutionize rigid airship design,
which has been dormant for over 40 years.
Some of the rigid airships of the
1920's and 1930's, despite minimal and
rather primitive flight instrumentation,
achieved a remarkable level of operational
success. An airship of the 1970's, how-
ever, would truly be a product of the
space age. Drawing heavily on advances
in all areas of avionics, communications,
air-weather forecasting, doppler radar,
and computer applications, the operat-
ional safety and reliability of airships
will be free of many of the limitations
of the past. Fail-safe electronic re-
dundancy, automatic computer control of
the vehicle during all flight modes (in-
cluding constant and automatic trim and
control), will largely eliminate problems
arising from faulty and inadequate instru-
mentation and pilot error. Improved
meteorological information, including
continual local weather updating from
ground flight control centers, wide area
input from weather satellites, and on-
board radar for avoiding clear air turbu-
lence and local storm activity, should
minimize the problems previously associ-
ated with weather.
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Thrust Vector Control (TVC) will
give the modern airship a degree of
static stability and control which was
completely lacking in most airships of
the past. Previous airships often be-
haved more like balloons at low speeds
during which time fins and aerodynamic
control surfaces were almost completely
ineffective. Formerly, airships at near
zero speeds were essentially without con-
trol except for discharge of ballast
(or lifting gas) and manual restraint
with ground handling ropes. By employing
large, low speed, reversible propellers
which can be swivelled through 90 ° , the
modern airship, augmented by a gimballed
stern propeller and thrust vector con-
trol system, will achieve outstanding
control during the most critical hover
mode near the ground.
Stabilizing surfaces will be re-
tained for aerodynamic stability during
flight and for assistance in weather
vaning into the wind upon landing. In
view of the propulsion and thrust con-
trol flexibility of the airship, the
fin size can be greatly reduced, thus
accepting a degree of directional in-
stability for a savings in both weight
and aerodynamic drag. It should be em-
phasized that while the present study
favors fins of high aspect ratio, which
are smaller and moved somewhat ahead of
the traditional stabilizing surfaces of
the older rigid airships, their exact
shape, location, size, orientation, and
number of surfaces should be thoroughly
investigated and optimized with respect
to stability, drag, lift, ground and
hanger clearance, and structural weight.
Thermodynamic management of lift
offers the possibility of increasing the
total lift of a given airship. As a
design philosophy, however, it could be
regularly employed to achieve greater
lift from otherwise undersized airships.
Such vehicles would require greater
structural strength than a conventional
airship of equal size, but the advan-
tages of the higher-lift, smaller craft
would be
i. convenience of construction
2. convenience of ground handling
and hangaring
3. reduction in helium volume.
While it is desirable to eliminate
disposable ballast in the form of solids
or liquids, it is probably impractical
to do so at the present time.
The design philosophy during the
present study has been to emphasize off-
the-shelf technology of the 1970's. This
hasnot in anywaylimited our considerations
of moreadvancedconcepts,and, it is feltthat continuedadvancesin the electronic
andaerospaceindustries will contribute
directly to LTAtechnology,particularly
with respect to stability andcontrol.
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9.1 INTRODUCTION
In this chapter the configuration of
each phase will be summarized. A historical
comparison will be made of the structural
efficiency of both the Phase I and Phase II
airships, assuming that both ships would be
metalclads. An estimate of the construction
cost of the Phase I and II airships will be
made using two approaches, a historical
approach and a building block approach based
on current 747 aircraft technology.
9.2 AIRSHIP CONFIGURATION
9.2.1 CONFIGURATION SUMMARY
Phase I
The Phase I airship has a displace-
ment volume of 9.9 x 10_m 3 (3.5 x 106ft3).
Although this volume is more than twice
the size of the largest nonrigid airship
ever built, it is certainly conceivable
that the Phase I ship could be a nonrigid.
The final determination of the type
(metalclad or nonrigid) would be made
based On the mission requirements and
economics. In general, for low speed
missions, such as a passenger scenic
cruise, a car suspended beneath the airship
and supported by cables from a long, in-
ternal catenary curtain would be possible.
For high speed cargo missions where point
loads of 2.27 x 10 _ kilogram _25 ton) are
to be exchanged repeatedly, the metalclad
is preferable because of the additional
structural integrity. To have the capa-
bility for all missions, the metalclad was
selected as the Phase I airship. The
vehicle configuration and summary statistics
are shown in Fig. 9-1.
Phase II
The Phase II airship has a total dis-
placement volume of 3.40 x 105m 3 (12 x 106
ft3), and is larger than any airship that
has ever been built. The design is based
on the metalclad construction described
previously in Chapter 7. Fig. 9-2 sum-
marizes the vehicle statistics and gives
the overall vehicle configuration.
9,2,2 COMPARISON TO PAST AIRSHIPS
One approach that can be used as a
measure of construction efficiency of an
airship is a plot of density (empty) vs.
displacement volume. The Goodyear Aero-
space Corporation (ref. 9-1) generated a
semi-log plot of past airships, and this
curve is reproduced as Figure 9-3. Addi-
tional data points for other nonrigids,
rigids, and metalclads, (refs. 9-2 through
9-7) have been added to the plot. In addi-
tion, a metalclad data point was obtained
from personal papers of Ralph Upson, marked
RHV/JA, 6/14/37.
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4 T:_UST(_S
SI_CIFICATIONS :
Shape Clsssic*l
_eplacement Volw 99_000 m3 (3.5x106 fl:3)
• Gas Volume 78,000 m3 (2.}?xI06 ft3)
qlxtmm 8ellouet Volume 16,000 m3 (.$h106 ft3)
:*rio Capsclty st Des£8 n Point: 26.300 ks (29 toms)
;peed
Crut*e 35,8 m/e*c (80 uph)
Marjoram 44.7 =/=eL (100 uph)
_nSe at DeaL8 n Point (600 mllea)
Lust ailed horsepower
(2sLde eulinea and 1 stern ensine) 2.8x103 lOW (3750 hp)
_runtor Capacity (8 total)
Up 1.34xi0 A N (3000 Ib)
Dram 1.34xi0 A N (3000 Ib)
Fore 1.79x104 N (4000 lb)
Aft 1.79x104 x (_000 lb)
Pressure heLeht (l_sll_) 1830 • (6000 ft)
_ass (Kmpty) 46,565 k8 (102.658 lb)
Hull Strt_=tk_re Aluminum Sandwich Fm_el
Bellonet Huterlal IrMwlaz becked )_laz _ld Tedlar _i TM
FIGURE 9-i
PHASE I AIRSHIP CONFIGURATION SUMMARY
Empty mass as used here includes the
mass of the complete airship--engines, in-
struments, controls--that is, everything
necessary to operate the vehicle. The crew,
food, fuel, ballast, payload, and lifting
gas are excluded.
As discussed in Ref. 9-1 some of these
airships, such as the 'A' nonrigid and R100
and RI01 rigids, were first tries of a type
and were not considered typical. As a
result, these were ignored by Goodyear in
developing the "average line" indicated on
• n m i c llne oes from 881 kilotne =lot. .h .... g_ • -
gram/m 3 (.055 pound/ft 3) at a volume of
566.3m 3 (20,00_ ft 3) to .449 kilogram/m3
(.028 pound_ft _) at a volume of 283,168m _
(i0 x 10Dft_).
The implications of Fig. 9-3 are inter-
esting;,in developing a configuration concept
with which to proceed for at least a pre-
liminary design investigation. The average
line implies that if a ship is efficiently
designed for a specified air-displacement
B_Im M01M_C -
IOY£_ DO_ ALUMINUM S_NINICH PANEL HULL
_IJ HO_
S I_CIFICAT IOh_ :
$11&lJK CLASSI C&I.L
Diepla_ment VolUme 3,40x10_13 (12x106 ft3)
_l Volta 2.7hlO_3 (9.6x_06 ft_)
Naxiam Ballouet: Vol,me 5.66xlO_a3 (2xlO o ft3)
Car|o Capacity of deelp point 106xlO3k8 (117 tonl)
Sp_d
Cruine 26° k/sec {60 mph)
)_ximm _A. 7m/see (100 mph)
at Deeip Point 3.220 Km (2000 miles)
Installed horupower (4 side
en6inms mad 1 stern ensine ) 4.7x103 I_ (62§0 hp)
_nru|tor Capacity (8 total)
Up 2.7xI04 N (6000 Ib)
Do_ 2.7x104 N (6OO0 lb)
Fore 3.6x104 S (8000 lb)
Aft 3.6x10 & N (8000 lb)
Pressure helsht (Desl_) 1829 m (6000 £t)
_ls _pty) (43,000 kS) (315,384 lb)
Hull Structure Al_inus Sandwich Panel
Balloaet Material Kevlar backed Mylar end Tedlar film
FIGURE 9-2
PHASE II AIRSHIP CONFIGURATION SUMMARY
volume, it would be either a nonrigid, rigid,
or a pressurized metalclad configuration.
Efficiently designed, any configuration
should result in approximately the same unit
mass. Plots of the Phase I and Phase II
proposed configurations using a sandwich
shell construction indicate a structural
efficiency improvement over conventional
approaches as indicated by the average line
in Figure 9-3.
9,3 AIRSHIPCOSTS
In general, the estimation of construc-
tion/fabrication costs are difficult under
the most ideal circumstances. Paraphrasing
the cost estimation problems described at
the Monterey, CA. LTA Conference in 1974,
ref. 9-8, the problem of cost estimation
of airships if further complicated by
I. A lack of recent experience with
actual construction and operation
of LTA cargo carrying airships or,
2. Effect of modern certification re-
gulations and union work rules on
the design, construction and opera-
tion of LTA cargo carrying airships or,
3. Inadequate information on the com-
parative economic conditions of
the present compared to those under
which the early airships were devel-
oped, and the
4. Inability to define the complexity of
a modern airship structure relative
to current airframe experience.
This same reference also expressed the
attitude that the only real way to obtain
true information on development, construc-
tion and operating costs is to build and
fly a new airship. Perhaps as a result of
the above perceptions, there has been a
relative reluctance in the current litera-
ture to develop cost estimates, or at
best to make very obscure cost development
statements.
Since the Phase I and Phase II suggest-
ed configurations are, for the most part,
conceptual as opposed to fully detailed
designs, cost estimates are made on the
basis of cost modeling, as described in
the following paragraphs.
9,3,1 HISTORICAL MODELS
One approach to airship minimum life
cost, including construction and operation
cost, is to provide a minimum weight struc-
ture for the air displacement volume re-
quired to provide the operational lift and
flight. This is, of course, similar to
minimum cost approaches of the aerospace
industries. That is, a minimum weight
merit function is incorporated into the
optimization process and is assumed to be
a one-for-one replacement for a minimum
cost merit function.
The historical data model connects the
cost of year constructed to present cost
based on some form of cost index. This
model therefore assumes that the cost rela-
tions of dollars to volume have remained
the same through the years. This require-
ment is assumed to have been achieved through
technological advances so that a previously
highly labor intensive industry would now
be capital intensive.
9,3,1,1 COMPOSITE HISTORICAL MODEL
A historical data plot of air displace-
ment volume vs $1975/m 3 ($1975/ft 3) is shown
in Fig. 9-4. The data for this figure were
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PAST RIGID AIRSHIP UNIT COSTS
developed from the data shown in _able 9-
1A in SI units and in Table 9-1B in English
units. The tables are not inclusive of all
airships built, but do include those for
which a constructed value could be obtained.
For those airships whose air displace-
ment volume could not be located in a\refer-
ence, an estimate was made on the bas_s that
the gas volume represented 93.27 percent
of the total air displacement volume. This
represents an average value for those air-
ships on which data were available. Con-
struction costs, updated to 1972 British
pounds (ref. 9-6), were converted to 1975
United States dollars by multiplying by
3.335, which converted 1972 pounds to 1972
dollars and accounted for an average 6
percent inflationary rate per year up to
1975.
Interestingly, the lower bound line
shown in Fig. 9-4 is predominately developed
from German-built airships, where as the
upper bound line is predominately based on
American-built airships. It should also
be noted that although the Akron was built
in this country, the builders, the Goodyear-
Zeppelin Co., were staffed by experienced
German airship engineers. Also, the ZP-I
Shenandoah, built in 1923 at the Naval Air-
craft Factory in the United States, was a
derivative of the German L-30 class of
rigids used in WWI.
Based on this approach, the proposed
configurations would have the cost ranges
shown in Table 9-2.
Fig. 9-4 also displays a contradiction
of the usual asumption that the larger the
size, the lower the unit price. It thus
appears that past difficulties-of physically
constructing large airships overcame the
unit cost advantage of size on a per unit
volume basis.
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TABLE9-1A
PASTAIRSHIPVOLUME,MASS(EMPTY)& COSTSUMMARY(METRICUNITS)
Year
Flown
Airship (Ref 9-6)
LZ 129, Hindenberg 1936
ZRS-4, Akron 1931
R I00 1929
R 101 1929
ZMC-2 (Metalclad)
(Refs. 9-2,4) 1929
5Z 127, Graf Zeppelin 1928
5Z 126, LOS _geles 1924
ZR-I, Shenandoah 1923
R 38 1921
R 36 1921
R 80 1920
33 1919
27 (23 x class) 1910
lickers 923 (23 Class 1917
_L 20 1917
53 1917
3 48 1917
42 1917
Tickers |9 1916
30 1916
Air
Gas VOM_ume Displacementvolume
(Refs 9-6, 9) S 3
200,000 216,624
193,970 209,945
146,060 157,725
141,540 169,052
5,720 7,153
105,000 110,436
70,000 79,287
60,900 64,846
77,600 83,252
60,030 64,354 !
35,680 38,256_
55,460 59,463_
28,050 30,074_
28,250 30,288_
56,000 60,041_
56,000 60,041_
55,800 59,826_
55,500 59,505_
25,200 27,018_
55,000 58,969_
(at Her 9-I (b) Ref 9-6
Unit
Empty
Mass MaH
KG KG/M 3
130,000(b,c) .6000
111,000(b) .5297
I06,600(b,c) .6759
lll,800{b) .6613
4,154 .5780
67,100(b,c) .6076
41,005(a) .5172
36,469(a) .5624
36,700(b,c) .6409
53,400(b,c) .9297
22,O00(b,c) .5751
36,900(b,c) .6206
25,000(b,c) .8313
27,000(b,c) .8915
27,100(b,c) .4514
25,000{b,c) .4164
25,750(b) .4904
28,100(b) .4722
27,100(b,c) 1.0030
31,400(b) .5925
(C) Ref 9-9
1972
_x I0 -3 1975
(Hcf 9-6) $ x i0 -3
3,730. 12,439.
5,220 17,400.
2,110. 7,037.
2,350. 7,037.
260. 867.
1,300. 4,335.
780. 2,601.
1,980. 6,603.
1,970. 6,570.
i_370. 4,569.
1,060. 3,535.
1,300. 4,335.
1,120. 3,735.
685. 2,284.
550. 1,034.
890. 2,968
590. 2,968.
890. 2,968.
770. 2,568.
890. 2,960.
1975 $/M 3
57.42
83.07
44.62
46.36
121.21
39.26
32.80
I01.53
78.92
70.99
92.40
72.90
124.19
75.41
30.55
49.63
49.61
69.80
95.03
50,33
197s $/XG
19.69
32.27
13.50
14.42
43.14
13.29
13.05
37.25
36.89
17.60
33.06
24.17
20.74
17.40
13.92
24.43
23.71
21.73
19.50
19.65
TABLE 9-1B
PAST AIRSHIP'VOLUME, MASS (EMPTY) & COST SUMMARY (ENGLISH UNITS)
Air Unit
,Year Gas VolUme Displacement Empty 19723
Flown pt 3 Volume Mass Mass _x I0- 1975 1975
Airship (Ref 9-6) (Refs 9-6,9) Pt 3 LBS. Lbs/Ft 3 IRef 9-6) $ X 10 -3 $/Ft 3 1975 $/Ib
LZ 129, Hindenburg * 1936 7,062,930 7,650,000(a) 206,600(c) .0374 3,730. 12,439_ 1.63 43.40
ZRS-4, Akron 1931 6,850,000(a,b) 7,400,000(a) 244,700 .0331 5,220. 17,408_ 2.95 71.14
R 100 1929 5,158,000 5,570,000(a) 2_5,000 .0622 2,110. 7,037. _ 1.26 29.95
R I01 1929 4,998,400 5,970,000(a) 246,500 .0413 2,350. 7,837. 1.91 31.79
ZMC-2 (Metalclad)
(Ref. 9-2,4) 1929 202,000 252,600 9,115 .0361 260. 867. 3.43 95.12
LZ 127, Graf Zeppelin 1928 3,708,000 3,900,000(a) 147,930 .0379 1,300. 4,335. i. II 29.31
LZ 126, Los Angeles 1924 2,472,000 2,800,000(a) 90,400(a) .0323 780. 2,601. 0.93 28.77
Zr-l, Shenandoah 1923 2,150,700 2,290,000(a) 80,400(a) .0351 1,900. 6,603. 2.08 82.19
R 38 1921 2,740,400 2,940,000(a) 80,910 .0275 1,970. 6,570. 2.23 81.20
R 36 1921 2,119,900 2,273,000_ 117,730 .0518 1,370 6,569. 2.01 30.01
R 80 1920 1,260,000 1,351,000_ 48,500 .0359 1,060. 3,535. 2.62 72.80
R 33 1919 1,958,600 2,099,900_ 81,350 .0387 1,300. 4,335. 2.06 53.29
R 27 (23 x Class) 1918 990,600 1,062,I00_ 55,120 .0519 1,120. 3,735. 3.52 67.77
Vickers 423 (23 Class) 1917 997,640 1,069,600_ 59,530 .0557 685. 2,264. 2.16 38.37
SL 20 1917 1,977,620 2,120,300_ 59,750 .0282 550. 1,834 0.07 30.70
L 53 1917 1,977,620 2,120,300! 55,120 .0260 690. _,968. 1.40 53.85
L 48 1917 1,970,560 2,112,700_ 56,770 .0269 890. 2,960. 1.40 52.28
L 42 1917 1,959,960 2,101,400_ 61,950 .0295 890. 2,968. 1.41 ¢7.91
Vickers 49 1916 889,930 954,100_ 59,750 .0626 770. 2,560. 2.69 42.98
L 30 1916 1,942,310 2,082,500_ 69,230 .0332 090. 2,968. 1.43 42.08
(a) Ref 9-1 (b) Ref 9-6 (c) Ref 9-9
TABLE 9-2
AIRSHIP COST ESTIMATES FROM COMPOSITE HISTORICAL MODEL
Total 1975 $
1975 $/M 3 (1975 $/Ft 3) (in millions)
Phase I 35.31- 88.27 (1.00 - 2.50) 3.5 - 8.75
Phase II 79.46-105.94 (2.25 - 3.00) 7.9 - 10.5
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9,3,1,2 GOODYEARMODEL
TheGoodyearAerospaceCorp., usingtheir past cost records andcost estimates
of proposedairships, developed a plot of
air displacement volume vs. total dollars
in a 1963 report (ref. 9-10) for both a
fleet quantity and a prototype. This plot,
updated to 1975 dollars, is shown in Fig.
9-5. An analysis of this figure yields
the cost estimates shown in Table 9-3.
Fig. 9-5 also indicates a slightly
reduced unit cost with size, as opposed to
the previous plot of Fig. 9-4.
9,3,1.3 METALCLAD MODEL
In 1931 a paper by Fritsche(ref. 9-4)
of the Detroit Aircraft Corp., estimated
costs for a 33,980 .m3 (1.2 x 106 ft 3)
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metalclad airship, the ZMC-12. This esti-
mate was based on the ZMC-2 experience.
The estimated 1931 cost of $24.49/kilogram
($54/pound), based on 6 airships being
built, is equivalent in 1975 to about
$69.85/kilogram ($154/pound). On this
basis, the estimated Phase I and Phase II
airship configurations Would be $169_27/m 3
($4.51/ft 3) and $143.02/m 3 ($4.05/ft5),
respectively.
9.3,2 BUILDING BLOCK MODEL
The building block method of cost esti-
mation is based on the philosophy that the
total construction process is a sum of the
components. When the building block method
is used to estimate the cost of an airship,
several assumptions are made:
i. no penalties or advantages are incurred
in the costs of assembling the "build-
ing blocks" into the total airship;
2. present technology can be applied
directly to the construction of an
airship without penalty or advantage
due to the changes in size and scale;
3. the analogies drawn between airship
building blocks and current construc-
tion practices are valid; and,
4. direct linear relations of cost hold
when an analogy is drawn.
In the building block model of esti-
mating both Phase I and Phase II airship
costs, each vehicle was looked at as an
assembly of six basic systems:
i. structure and hull;
2. propulsion;
3. controls;
4. buoyancy;
5. load and unload; and,
6. avionics.
FIGURE 9-5
AIRSHIP CONSTRUCTION COST
VS, DISPLACEMENT VOLUME
In turn, each of the six systems was broken
down, where feasible, into subsystems, and
the subsystems into components. For
example, the control system was broken into
electronics, elevators and rudders. The
individual components were then priced and
a total for each subsystem and system
then determined. In view of the fact that
no rigid airship has been built since the
30's, modern technology has really never
TABLE 9-3
AIRSHIP COST ESTIMATES FROM GOODYEAR MODEL
Total Dollars Per Unit Cost
Phase Airship (millions) $/m 3 (S/ft. _ ) Comments
I $14. 141.26 (4.00) Fleet of i0
$40. 403.65 (11.43) Prototypes
II $37.6 110.53 (3.13) Fleet of i0
$93. 273.69 (7.75) Prototypes
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been applied to airship construction; there-
fore, an analogy was drawn between the
largest commercial airplane, the 747, and
the airship. The assumptions are
1. construction methods and techniques
would not differ materially between
the two vehicles;
2. the assembly of components, such as
wiring, hydraulic systems, etc., are
directly proportional;
3. there is a direct relation between
cost per unit weight of a 747 airplane
hull and structure and cost per unit
weight of an airship hull and struc-
ture; and
4. that enough airships will be built
so that the learning curve and proto-
type costs are absorbed in the same
proportions as the 747 airplane.
When these additional assumptions were made,
the approximate weight and cost of the 747
engines were deducted from the aircraft and
a unit weight determined. This cost per
unit weight was then applied directly to
the estimated weight of the structure and
hull of the airship.
After the cost of each of the systems
had been determined, the systems costs were
totalled and a cost estimate of approximate-
ly $7,000,000 or about $70/m 3 ($2/ft 3) was
obtained for the Phase I ship. The cost
of the Phase II airship t_taled $21,000,000
or about $62/m 3 ($1.75/ft Q)
m 3 ($1.00/ft 3) to $159.25/m 3 ($4.51/ft3).
For the Phase II shi_, the estimates
ranged from $61.80/m _ ($1.75/ft 3) to $143.02/
m 3 ($4.05/ft3).
Prototype construction costs were esti-
mated from the Goodyear curve to be $403.65/
m 3 ($ii.43/ft 3) and $273.69/m 3 ($7.75/ft 3)
for airships the size of Phase I and Phase
II. No other prototype costs were determined.
9,4 SUMMARY
Estimates of the future construction
costs of airships vary greatly and any
model chosen is certainly open to criticism.
Since any possible mission for the airship
would be greatly dependent on the initial
capital outlay for the vehicles, some value
had to be chosen for the mission economics.
As noted in Table 9-4, the construction
cost for both airships was assumed to be
$176.55/m 3 ($5.00/ft3). This dollar fig-
ure should be conservative, based on all of
the cost models used in this chapter.
Figure 9-6 is a size comparison of the
Phase I and Phase II airships. As noted
previously, the Phase II vehicle is larger
than any airship that has ever been built.
Photographs of models of each airship are
shown in Fig. 9-7.
9,3,3 COST SUMMARY
The results of each of the historical
cost models and the 747 building block model
are given in Table 9-4. For the Phase I -
airship, the fleet cost ranged from $35.31/
HISTORICAL MODELS
Composite Historical Plot
Goodyear Report (ref. 9-10)
ZMC-12
BUILDING BLOCK MODEL
747
FOR MISSION DATA
Upper Limit Costs
ESTIMATED PROTOTYPE COST/SHIP
TABLE 9-4
UNIT COST SUMMARY
ESTIMATED FLEET COST/SHIP
Phase I Phase II
$/M 3 ($/ft 3) $/M 3 ($/ft 3 )
35.31-88.27 (1.00-2.50) 79.46-105.94 (2.25-3.00)
141.25 (4.00) 110.53 (3.13)
159.25 (4.51) 143.02 (4.05)
70.63 (2.00) 61.80 (1.75)
176.55 (5.00) 176.55 (5.00)
Goodyear Report (ref. 9-10) 403.65 (11.43) 273.69 (7.75)
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10.1 PHASE I MISSIONS
10.1.1 INTRODUCTION
The hypothetical missions outlined in
this chapter are by no means all inclusive
but are intended to be representative of
major ares of interest. Each mission was
analyzed in sufficient detail to permit a
thorough economic and operational appraisal.
When important, social, legal, political,
and environmental factors are discussed.
The specific missions outlined below
are studied in detail.
PHASE I
1 - Hea%_" Loads - Apartment Modules,
2 - Commodities and Mail,
3 - Scenic Tour - Grand Canyon°
Two methods of economic analysis are util-
ized to evaluate the economic feasibility of
some of the mission examples. A simple
capital recovery (CR) model was utilized to
rather quickly evaluate the economic feasi-
bility of various missions. Then some of
the missinns were analyzed in greater de-
tail utilizing the more rigorous present
value (PV) model discussed in Chapter 2.
The basic similarities and differences be-
tween the models are presented below:
1. The present value model derived the
maximum feasbile airship costs as an
output. The return on investment model
specified a maximum airship cost
$i17.00/m 3 ($5.00/ft 3) as an input. The
output of the return on investment model
was the annual return on funds investedo
2. Both models assumed a cost of capital of
eight percent which means that the air-
ship transportation system would have to
earn eight percent per year to be viable
as an unsubsidized carrier in the pri-
vate sector.
3. The CR model is not as accurate as the
PV model in measuring the time value of
money. However, both models lead to
similar investment decisions when the
initial cost of competing projects is
the same and when projected revenues and
expenditures do not vary substantially
from year to year.
4. For the missions analyzed, both models
yielded approximately the same invest-
ment decisions because the derived con-
struction costs from the PV model were
approximately the same as the assumed
construction costs in the CR model for
rates of return close in magnitude to
the cost of capitalo
5. The PV model is more flexible, precise,
and comprehensive than the CR model°
i0,!.2 HEAVY LOADS
10.1,2.1 OPERATIONS DESCRIPTION
Proponents of LTA transportation sys-
tems often emphasize the advantages of the
vertical takeoff capability of airships.
One article notes the following potential:
Despite its potential, modular hous-
ing construction has been limited
by two factors: (1) the difficulty
of transporting and positioning
large modules, and (2) the slow cur-
ing rate of normal concretes, lead-
ing to low output from the complex
machines usedl to produce three dimen-
sional structures. The latter prob- •
lem has been Solved at the Politech-
nical Institute in Kishinev by de-
veloping techniques that use quick-
setting concretes. Special equipment
has been designed and tested that
yields six toieight times the pro-
ductivity of She older methods.
As a result the bottleneck is now
transportation and installation of
the modules, iModern construction
management coQrdinates manufacture,
transportation, and installation into
a single production cycle. The use
of dirigibles to transport and posi-
tion building modules could smooth
production fl0w by eliminating de-
lays caused by poor roads or great
distances between the module factory
and construction site. (ref. i0-i)
One of the final statements in the same ar-
ticle is
This would indicate that modular
housing construction is a very pro-
mising potential market for Lighter
Than Air.
Modular construction of housing units
has for many years been an accepted proce-
dure within the mobile home industry. How-
ever, the most serious restriction to this
type of construction has been the allowable
load widths and weights on the various
states' highway systems, requiring special
transportation vehicles and special permits.
This has effectively limited construction
materials to lightweight wood frames. The
advantages that are inherent in modular con-
struction are numerous and can be briefly
stated as follows:
i. Central construction permits economy of
scale with respect to purchase of raw
materials and storage at a central loca-
tion.
2. Construction location can be selected
with reduced labor cost considerations
due to travel.
3. Better quality control can be maintained
because several units can be under con-
struction simultaneously in the same
location.
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4. Ability to check all systems--electri-
cal, plumbing, heating, and cooling--
while in the central yard facilitates
correction of problems.
5. Central construction will permit the use
of semiskilled labor to a greater extent
on repetitive work. Utilization of
forms, jigs, and other tooling permits
an assembly line process at reduced
overall costs
Modular construction was used to build
a hotel at the San Antonio, Texas, Hemisfair.
Habital, an apartment complex in Montreal,
Canada, originally constructed for Expo '67,
was also built using modules. This type of
construction has the same advantages as out-
lined above when applied to single family
modular housing units. Additional benefits
are:
i. Construction can provide units at the
final location without necessity to pro-
vide onsite concrete cure.
2. The usual problem of scheduling of vari-
ous trades such as electricians, plumb-
ers, carpenters, steel tiers, etc. is
minimized.
3. Fewer pieces of heavy construction
equipment are required at the site.
According to reference 10-2, a 32.5 m 2
(350 ft 2) floor space module weighing 22,226
kilograms (24.5 tons) requires a truck trac-
tor and two truck trailers for transporta-
tion. One crane at each end of the trip is
needed for loading, unloading, and position-
ingo
The amount and type of labor at the ac-
tual construction site are significantly re-
duced using a LTA transportation system.
Cost of labor is directly influenced by the
distance of the job site from nearest urban
area, especially in states with strong trade
unions where the travel time for craftsmen
is usually paid portal to portal. When the
distance to the site exceeds approximately
50 miles, cost of food and lodging may also
have to be paid.
Numerous differences exist between
modular construction techniques and tradi-
tional construction procedures. Modular
construction utilizes forms, curing mate-
rials, paint and/or finishing in a factory
that in traditional construction would re-
quire transportation to the site. For a
typical project, the items creating differ-
ential costs between modular construction
and conventional construction-are outlined
below:
i. Equipment not needed at site:
a. mixers - concrete
b." trucks - concrete or crane - con-
crete placing
c. curing material
d. form material
2. Men not required at site:
a. plumbers
b. concrete finishers
c. electricians
d. steel erectors
e. rough carpenters
f. finish carpenters
g. heating and cooling technicians
h. laborers
i. equipment operators
NOTE: A few of the above would be re-
quired to resolve onsite problems.
3. Transportation not require to site:
a. vehicles to move all materials and
equipment listed in (i) above
b. vehicles to move men listed in (2)
above
An additional advantage of centralized
modular construction is control of the work
environment. This permits construction to
be accomplished throughout the year without
the additional construction costs due to de-
lays caused by weather.
10,1,2,2 ECONOMICS
The economic analysis of the Phase I
heavy cargo mission is presented below. One
of the basic assumptions is that the use of
airships would allow modularly constructed
apartments to capture five percent of the
total apartment market. It is further as-
sumed that the assembly line techniques
associated with modular construction would
reduce construction costs by 15 percent.
(See Appendix C for details.) These savings
are assumed to be available for transporta-
tion costs. Theoretically, the cost of
transportation could be, at a maximum, equal
to the total construction costs savings.
In order to capture this large a share
of the market, 16 airships and 6 terminals
located in various sections of the country
would be required. The airships could
either belong to the construction companies
involved or the service could be provided by
a vendor operating the airship transporta-
tion system.
The economic analysis presented below
is based on the PV model outlined in Chapter
2. The economic life of the airships and
terminals is assumed to be 20 years. Pro-
jected annual revenues would be approximate-
ly $73,000,000. Maximum feasible costs of
the airship per cubic meter were calculated
at various internal rates of return between
three percent and 20 percent. The results
of these calculations are presented in Table
i0-i. An historical projection of airship
construction costs (see Chapter 9) indicates
that the range of airship construction costs
is between $35.00 per m 5 and $i_I per m 3
($i.00 per ft 3 and $4.50 per ft;), depending
on the method of analysis utilized. Thus it
appears that this mission could earn an in-
ternal rate of return between 3 and 15 per-
cent.
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TABLE 10-1
MAXIMUM PHASE I AIRSHIP
cOSTS AT VARIOUS INTERNAL RATES OF RETURN
Internal
Rate of
Return
Cost of Airship
Per m 3 Per ft 3
.03 $385.00 $ 10.89
.08 202.00 5.73
.12 116.00 3.28
.15 71.00 2.01
20 20.00 0.56
In addition to the PV analysis outlined
above, the capital recovery (CR) method was
also utilized to evaluate costs and revenues
on an annual basis. The CR analysis made
all of the same assumptions as the PV analy-
sis, except that the cost of the airship was
regarded as a given. In the CR analysis air-
ship construction co_ts were assumed to be
$177.00/m _ ($5.00/ft_). The basic data for
this analysis are presented in Table 10-2.
Projected aP_ua! revenues would exceed pro-
jected annual costs by approximately
$21,300,000 annually. As noted earlier, any
net positive revenue indicates a favorable
investment opportunity when this method is
utilized. Thus both the PV model and the
CR model indicate that the movement of apart-
ment modules by airship would be economic-
ally feasible.
i0,i,2,3 LEGAL, POLITICAL, SOCIOLOGICAL,
AND ENVIRONMENTAL
The same legal constraints outlined in
Chapter 3 apply to the movement Of modularly
constructed housing units. However, it is
likely that local and state regulations
would be instituted to control the movement
of externally attached heavy loads over
heavily populated areas.
Political
This application might be opposed by
the various building trade unions. Most
housing construction utilizes craft methods,
which are inherently less efficient than
assembly line techniques. As noted previ-
ously, the mobile home industry is the only
sector of the housing industry to apply fac-
tory methods to most aspects of housing con-
struction. The use of airships would make
it possible to extend assembly line tech-
niques to an additional sector of the hous-
ing industry.
Sociolo@ical
The potential for reducing the cost of
housing is a social benefit. If factory
construction techniques could cut costs by
more than the airship transportation costs,
a cost r_duction could be partially passed
along to consumers.
Environmental
Transporting of manufactured units such
as apartment modules by airship would have
a continuing environmental impact at the
TABLE 10-2
PHASE I ECONOMIC DATA: HEAVY LOADS
COSTS
C. R. 16(1,746,500) $27,944,000
Crews, flight - 16(667,720) 10,683,520
Fuel & maint. 16(480,000) 7,680,000
Crews, Ground 3,600,000
Crews, office 960,000
C. R. 231,000
Insurance 175,000
778,000
Helium Cost 16(28,000) 448,000
Total $52,459,520
REVENUE
(16 airships)
(4 shifts - 6 men -
16 airships)
(4000 hours, 16
airships)
3 shifts, 5 men
16 airships)
2 shifts, 2 men,
16 office crews)
6 terminals)
1% of first cost)
1% of revenue)
20% ist cost of
helium)
Revenue at 5% of market and a construction cost savings of 15%
gives $73,800,000
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factory site anda temporaryimpactat the
construction site. Themanufacturingsite
wouldbe located in an area zonedfor indus-
trial useor a rural area. Thefactory site
wouldrequire heavyconstruction equipment,
a concretemixingplant, andsandandgravel
storageas well as a large storage area for
completedandpartially completedapartment
units.
Theairship operation for this applica-tion wouldrequire a relatively small land-
ing areawith refueling andballast manage-
mentfacilities. Engineswill bedesignedto meetEPAemissionandnoise standards.
In addition, the plant will not be located
close to residential areas.
Fuel storageandwastehandlingwill be
in accordancewith existing ordinancesforthe area. Theloading procedureat the fac-
tory will not require airship landing. Mod-
ules will be attachedto a hoveringairship.In the hovermode,however,the airship may
temporarilyexceedEPArecommendednoiselevels. Therural or industrial area loca-
tion of the factory will greatly reduce
citizen exposureto noise. Employeeswork-ing nearthe airship as it hoverswill be
required to wearear protection. Somere-
movalof vegetationanddisplacementof
small formsof wildlife will occurduring
constructionof terminal facilities.
Theoverall impactof the LTAterminal
andoperationon the environmentwill be
mitigated in the designof the facility bygeneroususeof openspace,noise reducing
screensof vegetationand/or walls.
Visual impactcould be significant tothe extent that it distracts motorists.
However,increasedfamiliarity with airships
shouldreducethis problem° In time, the
operationof an airship shouldcauseno moredistraction to motorists than other aircraft.
i0,i,3 COMMODITIESANDMAIL
i0,i.3,1 OPERATIONSDESCRIPTION,COMMODITIES
i0 .1.3.1.i GENERAL
Conceptually,the PhaseI commodity
transportation systemwill provide service
amongeight major metropolitan areas. Al-
thoughairships havedoor-to-door flight
capability, groundfacilities for loading
andunloadingare located only at terminals.Consequently,there will be an interface
with other transportation modesat terminallocations. It is assumedthat 1980will be
the first year of operation for the airshipfleet, with anestimatedlifetime of twentyyears.
I0. 1. 3.1.2 DEMAND
Anassessmentof the potential com-
moditymarketdemandfor an airship trans-
portation systemwasmadeusing data com-piled by the Bureauof Transportation.Table 10-3 showsthe 1967data fromwhich
the 1980data wereextrapolated, assumingan
annualincrease in transportation traffic of2.4 percent.
A weightedaveragedistance of 611.55kilometers (380miles) wasdeterminedfrom
the data in Tablei0-I, andassumingpoten-tial demandto be .00125of rail traffic and
.0025of truck traffic, 1980annualdemand
wasestimatedto be 340.75x 109Kg-Km(233,393,091ton-miles). Anaverageflight
of 611.55kilometers (380miles) wouldcon-
sumean actual flight time of 4.75 hours,
andallowing onehour for loading, unload-
ing, andrefueling operations, eachflight
wouldconsumea total of approximately6
hours. Consequently,eachairship wouldbe
capableof making833flights annually, and
contribute 833x 611.55Km(380miles x
22,679.6Kg (25 tons) = 11.533 x 109 Kg-Km
(7,913,500 ton-miles) so that the total num-
ber of airships in the system would be:
TABLE 10-3
U,S, COMMODITY TRAFFIC ACCORpING TO DISTANCE AND MODE*
(MILLIONS OF KILOGRAMS)[THOUSANDS OF TONS]
Distance (kilometers) [miles]
(402.336)
[250]
(482.8032-642.128256)
[300-399]
(643.7376-803.062656)
[400-499]
(804,672-963.997056)
[500-599]
*adapted from ref. 10-6
All Modes Rail (1967)
(71,125) (29,304)
[78,402] [32,302]
(95,116) (38,712)
[104,847] [42,673]
(59,738) (33,393)
[65,850] [36,810]
(48,699) (26,103)
[53,682] [28,774]
Truck (1967) Rail (1980) Truck (1980
(29,659) (39,886) (40,371)
[32,694] [43,967] [44,501]
(34,374) (52,692) (47,384)
[38,374] [58,083] [52,232]
(20,191) (45,453) (27,483)
[22,257] [50,103] [30,295]
(15,145) (35,530) (20,615)
[16,695] [39,165] [22,724]
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Anupperlimit on total flight hours is
30 x 5,000 = 150,000 hours. Each flight
crew is assumed to fly 960 hours annually
and hence 157 crews are required for the
system.
10.1.3.1.3 OPERATIONAL COSTS
Operational costs refer to total costs
of the system. Specifically, personnel
costs include flight, terminal, and hangar
crews. There are assumed to be eight cargo
terminals and one hangar where temporary and
periodic (scheduled) maintenance and over-
haul take place. Since there are numerous
airship hangars already in existence, it is
assumed that these facilities may be rented
or leased by the proposed system.
Flight personnel consist of a pilot,
copilot/navigator, mechanic, and loading
supervisor. Personnel at each terminal con-
sist of two loaders/unloaders, one communi-
cations technician/mechanic, one supervisor,
and one clerk. Personnel at the hangar con-
sist of two mule operators, three security
personnel, a mechanic, a structures techni-
cian, an electronics technician, a clerk,
and a supervisor. Salaries of these person-
nel and other project costs are listed in
Appendix B.
10.1.3.1.4 APPLICATION OF THE ECONOMIC
MODEL
Since disaster insurance, spare parts,
and salvage value of the fleet are all func-
tions of initial fleet cost (A0), these re-
lations are established a _ as follows:
disaster insurance is assumed to be 2 per-
cent of the initial fleet cost (A0), spare
parts are assumed to be 1 percent of A 0, and
fleet salvage value as 15 percent of A 0.
The following terms result:
A0 + .02A0 + .01A0 - .15A0
The present value expression s of these sums
differ, and the following terms are derived:
A 3 = .02A0 = initial insurance pay-
ment (for 1 year)
B0 = (.02A0/r) [i - (i + r) -(t-l) ]
C 8 = (.01A0/r) [i - e -rt]
So = .15 A0[1 + r] -t
Applying these definitional terms to
the general model presented in Chapter 2
(eq. 2-2) results in:
3 3
(.99R/a) [1-e -at ]+ZSf (l+r) -t-_Ai- (l/r)
Ao = 1 1
1.02 + (.02/r)[l-(l+r)-(t-l)]+(.Ol/r)
7 r
{Bl[l_(l+r)-(t-l)]+_Ci(l_e- t)}
(i0-i)
(l-e-rt) -. 15 (l+r) -t
Equation 10-1 is used to determine A 0,
given parametric values of R, a, and t. R
is equal to revenue, a is equal to the re-
quired internal rate of return, and t is
equal to the useful life of the ship in
years. For the parametric analysis, useful
life was assumed to be i0 years and 20
years. The internal rate of return (a) was
set at 3%, 8%, and 12%. Revenue (R) was
determined by multiplying the rate per
kilogram-kilometer (ton-mi_e) by the esti-
mated demand of 3.41 x i0 I_ Kg-Km (2.33 x
10 ° ton-miles).
The calculation results are given in
Table 10-4.
10.1.3.1.5 INTERPRETATION OF RESULTS
As expected, the higher the revenue,
the greater the maximum costs that can be
incurred. For example, if revenue is based
on .024¢/Kg-Km (35C/ton-mile), a rate of re-
turn of eight percent may be obtained if
construction costs of the airship do not ex-
ceed $79.48/m 3 ($2.25/ft 3) (assuming a 20-
year lifetime).
Alternative prices per mass-distance
may be considered from Table 10-4, by linear
interpolation. For example, under t=20
years, a price of .02¢/Kg-Km (30C/ton-mile)
would allow construction costs to he $49.08/
m 3 ($1.39/ft 3) at an 8% rate of return.
The table also indicates that commodi-
ties at the going rate of .01¢/Kg-Km (15¢/
ton-mile) will not generate enough revenue.
(See Chapter 9 for actual construction
costs.) A mix of commodities and mail pos-
sibly doubling the revenue is needed to al-
low construction of Phase I ships. See sec-
tion 10.1.3.2 for a discussion of the mail
operation.
10.1.3.1.6 ENVIRONMENTAL CONCERNS
The environmental impact of an airship
transportation system carrying a mixed cargo
of mail and commodities would occur both at
the terminal and along the routes flown.
The terminals could be located either at new
locations constructed specifically for air-
ships or at the smaller existing airports on
the outskirts of urban areas with separate
facilities constructed for the a_rship oper-
ation.
This type of airship operation would
require a cargo terminal, parking lot, re-
fueling equipment, and an operations build-
ing. The refueling, maintenance, and gen-
eral terminal operation would require sew-
age, water, and solid waste disposal proce-
dures. The cleanup after refueling, routine
maintenance and cargo handling could also
require waste-water treatment facilities be-
fore introducing effluent into the storm
sewer system.
The operations at the terminal area
will require parking and manuever area for
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TABLE10-4
PHASEI REVENUEANDCONSTRUCTIONC STPARAMETERS:COMMODITIES
Internal Rates of Return Assumed
Revenue Assumed _ = .03 a = .08 a = .12
(t = i0 year life)
0.010¢/Kg-Km (15C/ton-mile)
0.017¢/Kg-Km (25C/ton-mile)
0.024¢/Kg-Km (35C/ton-mile)
(t = 20 year life)
0.010¢/Kg-Km (15C/ton-mile)
Q.017¢/Kg-Km (25C/ton-mile)
0.024¢/Kg-Km (35C/ton-mile)
$ 44.15/m 3. $ 14.48/m3
($1.25/ft 3) ($0.41/ft _)
$i02.79/m 3 ($ 61.ii/m3_
($2.91/ft 3) ($1.73/ft _)
$4.24/m 3 -_
($0.12/ft 3) --
$95.73/m 3 $18.72/m 3
($2.71/ft 3) ($0.53/ft 3)
$186.86/m 3 $79.48/m3
($5.29/ft 3) ($2.25/ft j)
($ 36.03/m3L
($1.02/ft _)
$28.26/m3
($0.80/ft J)
*Airship construction costs possible.
TABLE 10-5
PHASE I ECONOMIC DATA: MAIL SORTING AND TRANSPORTATION
COSTS
Capital recovery for airshi_
(3.5 x 10 b ft j @ $5/ft _, 20 yrs, 8%)
Flight Crew (P, CP, FE @ 960 hrs/yr)
($121,930/crew for 6 crews)
Fuel & Maintenance/yr
Ground Crew/yr (i0 men at each end
serving 6 ships/shifts, 3 shifts)
Ground Facilities
($3.0 million first cost, 20 yrs, 8%)
C.R. for sorting machines
($6 million first cost, 20 yrs, 8%)
Sorting crew/yr, 3 crews/day
($20,000/man for 12 men/crew)
Helium cost (12% of F.C. leakage)
(8% of F.C. interest)
Insurance
(1% of F.C. & 1% of REV.)
REVENUE
Transportation @ $0.09/ib, 18 tons of mail
(6 tons of equip., 1 ton men)
Sorting (2 digits) @ $0.09 ib, 18 tons of mail
(6 tons of equip., 1 ton men)
TOTAL ANNUAL REVENUE
f
$1,746,500
731,580
675,000
150,000
300,000
598,800
720,000
28,000
288,390
$5,238,270
$2,920,000
2,920,000
$5,840,000
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air andgroundcrewvehicles as well as
trucks handlingcargo. Theoperation ofthesevehicles will causelocal concentra-
tion of engineemissionsat peakoperations
periods andtheir operationwill raise the
noise level intermittently. Since the ter-
minal will be located in areas zoned for in-
dustrial land uses, the above impacts should
be acceptable.
The additional activity will induce
economic growth in the immediate vicinity of
terminals; however, this is anticipated to
be small and to consist primarily of housing
for employees and service industry personnel
supporting the operation.
The additional water and electrical
power required for the airship operation
will impose an additional load on the com-
munity utilities system. Because the over-
all operation is comparatively small, the
impact should be insignificant.
i0,1,3,2 MAIL OPERATIONS
10.1.3.2.1 GENERAL REMARKS
Mail could be carried, for example,
from Dallas, Texas, to Kansas City, Missouri,
for ,024¢/kilogram-kiiometer _v/to,l-ml_e,.'_ i
This is the current price being paid to air-
planes based on competitiye bids. This
value was obtained by telephone from the
U.S. Postal Service in Washington, D.C.
10.1.3.2.2 DEMAND
In 1970, a total of $461,000,000 was
spent for the transportation of mail by
scheduled air carriers. This represented
1.05 x 1012 kilogram-kilometers (7.15 x
108 ton-miles) or about 0.0445¢/Kg-Km (65¢/
ton-mile) (ref. 10-4).
Due to the recent fuel shortage, the
number of night passenger flights has been
reduced. These planes had previously car-
ried large amounts of mail. The use of the
airship to carry mail would fill in the gap
left by the reduction in available airplane
space.
10.1.3.2.3 OPERATIONAL COSTS
Details of the operational costs are
shown in Table 10-5. Slightly different
assumptions are made for mail than were made
for commodities. The mail might besorted
by the last two digits of the zip code while
in flight. This would require sorting
machines and a sorting crew. The car_o
would have to be reduced to 1.64 x 10 _ kilo-
grams (18 tons). An attachment for equip-
ment and people as well as cargo would have
to be added. The weight of the car would be
offset by the removal of the loading/
unloading platform and the hoist system.
Utilizing the CR method of analysis, an an-
nual cost/ship/year of approximately
$5,250,000 would result and a revenue of
approximately $5,850,000 would be generated.
10.1.3.2.4 APPLICATION OF THE PV ECONOMIC
MODEL
The "mail only" or a mix of mail and
commodities raise the revenue over that for
commodities alone. Fig. i0-i gives the re-
sults of the PV economic analysis (see Table
10-2) as applied to the mail commodity com-
bination. Many combinations of revenue and
rates of return are ayailable for construc-
tion costs over $71/m 3 ($2/ft3).
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10.1.3.2.5 SOCIOLOGICAL CONCERNS
Definite social benefits could be de-
rived from moving mail with an airship
transportation system. Trucks are generally
utilized to carry mail over short and medium
distances. The economic analysis conducted
for this mission indicates that airships
could compete economically with trucks for
the medium distance. For the longer range,
of course, airplanes are much faster. Util-
ized in the medium range niche, the airship
offers substantial advantages when compared
to truck transport. The airship is not only
faster than the truck, but also offers the
possibility of sorting mail by the last two
digits of the zip code in flight. Both of
these advantages increase the speed with
which the Postal Service can process the
mail. Thus, it appears that the airship can
increase the efficiency with which the mail
is delivered without increasing costs.
i0,i,4 SCENIC TOURS
10,1,4,1 OPERATIONS DESCRIPTION
The presence of man in our national
parks and other public land areas is causing
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significant environmentaldamage.Methods
of mitigating theseadverseenvironmental
impactsarebeing implementedin Yosemite
andYellowstoneNational Parks in the form
of public transportation systemsdesignedto
reduceindividual motorvehicle traffic. In
somewildernessareas, it hasbecomeneces-
sary to introducestrict regulations con-
cerning disposalof wasteby hikers.
Seriousconsideration is beinggiven to
restricting the numberof visitors to the
National Parksto protect the environmentas
notedin several statementsin the third an-
nual report of the council on environmental
quality (ref. 10-5).
Evenwith newurbanrecreation areas
and with increased citizen use of
National Parkways and National His-
toric Areas, the 'crown jewels'--
the unique National Parks--will
still be under demands that cannot
be met without restricting their
use.
The danger is that we may not heed
the very warning first sounded in
the parks. If not heeded, there
might follow another chapter in 'The
Tragedy of the Con_nons.' As postu-
lated in the late 19th century trea-
tise, the multiplied individual use
of a conTnon pasture by village resi-
dents would eventually destroy the
pasture for all. The 21st century
chapter in 'The Tragedy of the Commons'
would be the consequence of overusing
the fragile areas, thus impairing
forever the qualities for which they
were originally preserved.
Utilization of the airship for scenic
cruises or tours, especially over National
Parks, could thus be beneficial from an en-
vironmental viewpoint. The automobile and
pedestrian traffic inside our parks could
be substantially reduced with simultaneous
reductions in environmental damage, while
still permitting the people of the nation to
see and enjoy the scenic wonders of the
areas. Airship terminals could be located
well outside the parks, thus reducing the
necessity for additional improvements to the
transportation and other service facilities
within the parks.
The Grand Canyon application was se-
lected for a detailed economic analysis.
The 1973 U.S. Statistical Abstract (ref.
10-4) indicates that 804,000 people stayed
overnight at the Grand Canyon in 1971. Al-
so, the number of people visiting national
parks has been increasing 10 percent per
year. The total number of people visiting
national parks in 1970 was over 172,000,000.
For the Grand Canyon tour it is assumed the
airship would operate 300 days a year with
an average of 600 passengers daily. The
airship terminal would be located outside
the park area, with parking, waiting rooms,
restrooms, and operations offices provided.
A conceptual plan for a passenger pod
is shown in Fig. 10-2. This pod is to be
used with the Phase I airship and has a
maximum capacity of 200 passengers. The
structural configuration includes a double-
deck arrangement. The floor area of the pod
conforms to the cargo hold dimensions. The
pod could be fastened to the airship on a
semi-permanent basis by means of structural
steel members located on the four corners
of the roof.
The plan calls for two rows of seats
around the perimeter of the pod on both
levels. A refreshment bar is located in
the top center portion of the cabin. Two
primary exits would be located at the ends
of each level of the airship. Depending
upon the loading method, these doors must
be carefully engineered to prevent passen-
gers from opening them accidentally. Addi-
tional safety measures should be incorpor-
ated to assure that these doors are locked
during flight. Emergency exits should be
located on both sides of the pod for both
levels. Exterior glass is tinted.
Additional studies should be made of
the conceptual floor plan manufacturing.
Human engineering studies should be con-
ducted to assure minimum congestion in
aisles, as well as comfortable viewing
angles for all passengers. Another problem
to be considered would be the methods of
loading and unloading passengers. A method
minimizing ballasting problems would allow
disembarking passengers to exit on one side
of the airship pod while passengers for the
next flight are entering the opposite side.
10,1,4.2 ECONOMICS
In an effort to assess potential pas-
senger demand and the elasticity of fares,
the following people and firms were con-
tacted by phone about current tours:
1.
2.
3.
4.
Superintendent of Grand Canyon
National Park
Grand Canyon Airport
Grand Canyon Airlines
Grand Canyon Helicopter Tours
Helicopter Tours
The origin of this tour is Grand
Canyon Airport, located four miles south of
the south rim off Highway 64. Bell Jet
Ranger Helicopters are used which have a
capacity of four passengers. Currently,
the service is operating three helicopters
continuously ten hours per day, with a
maximum of three trips per hour. Maximum
capacity is around 120 passengers per day.
Passengers may choose from among the fol-
lowing tours:
i. From airport, across the river and
back.
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CAPACITY - 200
FOR PHASE I
PLAN VIEW
(TOP)
EXITS
STAIRWELL
28'X 76'
NO SCALE
RECESSED
52 Kilometers
20 minutes (32 miles) $27.00
(children under 2 free)
2. From airport, over the north rim,
Indian ruins and back.
67 kilometers
30 minutes (42 miles) $45.00
3. From airport to the east side at
junction of Little Colorado and
Colorado Rivers and back.
113 kilometers
45 minutes (70 miles) $73.00
Fixed Wing Aircraft Tours
Grand Canyon Airlines operates flights
of 1 hour duration the year around. The
basic information is as follows:
Flight time ................ 1 hour
Distance Covered ........... 209 kilometers
(130 miles)
Number of Aircraft 6 airplanes
Operating ............... (twin Cessnas)
Passengers per flight ...... 30
Passengers per day ......... 210
Fare (i hour) .............. $25.50
REFRESHMENTS
REST ROOMS
SEATING AREAS
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_ DOWN, LIGHTS
I I
I k _,
END SECTIONAL VIEW AND
ELEVATION
FIGURE 10-2
PASSENGER POD
Daily Revenue
(approximate) ........... $5,355.00
In addition, Scenic Airlines operates
a shuttle service out of Las Vegas. The
fare is $86.00 per person and offers an air
tour as well as a ground tour connection.
The tour lasts all day.
Mule Trips
Trips to the Canyon floor and back via
mules are available daily. Price per per-
son is $20.00 (minimum age is 12). An
overnight mule trip is also available which
includes two box lunches, a breakfast at
Phantom Ranch, and sleeping quarters for 1
night. The price per person is $70.
In addition to the air tours listed,
the Grand Canyon Airport, during a ten day
period (June 20-30, 1975), had 6,008 pas-
sengers utilizing the airport as passengers
in private aircraft. Seven thousand people
visited the airport in June 1974.
Assuming a fare of $20.00 per passen-
ger, a passenger pod with a capacity of 200
and an 85 percent occupancy factor, four
flights per day for 300 days per year yield
an annual revenue of $4,080,000 for the
Grand Canyon tour. (See Table 10-6.) An-
nual costs associated with the tour would
be approximately $3,600,000. Included in
TABLE10-6
PHASE I ECONOMIC DATA: GRAND CANYON TOUR
Capital recovery
ANNUAL
$1,746,500
Clew, flight = 667,720
Fuel and maint. = 270,000
I
I
Crew, ground = 225,000
Crew, !office = 225,000
Capital recovery = 213,250
Insurance = 175,000
40,800
Helium cost = 28,000
Total = $3,591,270
COSTS
(airship 99,108.8 m 3
(3,500,000 ft.3))
(4 shifts, 6 men)
(4 trips/day, 300 days/yr)
(3 shifts, 5 men)
(3 shifts, 5 men)
(mast, office, ramps)
(1% of first cost)
(1% of revenue)
(20% of first cost of Helium)
REVENUE
200 passengers x 0.85 occupancy x 4 flights/day x 300 days/year
x $20/flight
Total = $4,080,000
these costs is a capital recovery cost of
almost $2,000,000, based on an investment
of $20,500,000. The total investment is
composed of $17,500,000 for the airship it-
self and $3,000,000 for the terminal and
other support facilities. Both the airship
and terminal are assumed to have a life of
20 years. Opportunity costs or the cost of
capital were assumed to be 8 percent.
Utilizing the capital recovery (CR) method
of analysis, any project generating annual
revenues greater than direct annual opera-
ting costs plus annual capital recovery
costs represents a favorable investment op-
portunity. Based on an annual revenue of
$448,000 in excess of direct expenses and
capital recovery costs, the Grand Canyon
tour appears to be economically feasible.
The Grand Canyon tour was also ana-
lyzed using the present value (PV) model.
This model utilized the same estimates of
direct costs as the CR model. Both models
assumed an eight percent return (the mini-
mum rate of return for feasibl_ private
sector operations. The maximum cost of the
airship was calculated to be $189/m 3 ($5.35/
ft3). This analysis suggests that the proj-
ec_ will be economically feasible if the
necessary airship can be built for a cost
which is _ess than or equal to $189/m 3
($5.35/ft_). Thus, both the CR and the PV
models indicate that the Grand Canyon tour
would be economically feasible.
i0,i,4,3 LEGAL, SOCIOLOGICAL, AND
ENVIRONMENTAL CONCERNS
The legal aspects of airship opera-
tions are discussed in Chapter 3. The pri-
mary legal concern focuses upon the routes
flown by the airship. In all cases the
airship will have to be certified by the
FAA. Since the scenic cruise mission will
operate within a single state, state and
local regulations rather than CAB regula-
tions _ould govern routes and rate struc-
tures. In general, separate FAA regula-
tions do not exist for airship operations.
The airship is generally required to comply
with the same regulations which apply to
the airplane.
Sociological
Airship tours of the Grand Canyon will
have substantial sociological benefits.
This proposed tour will bring a large num-
ber of people into closer contact with the
Grand Canyon than the traditional methods
of seeing the Canyon. The airship cruise
will allow individuals to view a much
larger portion of the Canyon than seen on
fixed-wing and helicopter tours.
A major benefit associated with this
tour would be a reduction of the automobile
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traffic in the park itself. Mostnational
parks are currently facedwith an overload
of automobiletraffic at peaktourist sea-
sons. Theairship Wouldbring peopleinto
the park andallow a spectacularview of
the parkwithout increasing automobiletraffic.
Environmental
The use of an airship to provide
scenic trips over the Grand Canyon will
have several positive environmental impacts.
The use of the airship will actually pro-
vi_e one means of protecting the environ-
m_t of the Grand Canyon while simultane-
ously providing a means for the citizens of
the nation to enjoy its scenic beauty. The
future plans for operation of our national
parks anticipate a reduction in'the permis-
sible number of visitors atpeak tourist
se&sons.
The airship operation would require
development of a passenger terminal, park-
ing lot, and airship handling facility out-
Ride the park. Some removal of vegetation
and displacement of wildlife would occur.
The refueling,, maintenance, and general
operation wou_d require a local water
source and waste water treatment unit. A
site and apprnved procedure for solid waste
disposal would also be required. The oper-
ation of passenger and crew automobiles as
well as the airship would create localized
degradation of the air quality; however,
this is expected to be below discomfort and
hazard levels even at peak periods. The
amount of electrical power required for the
terminal operation can be minimized by
proper design.
The actual flight over the Grand Can-
yon would affect air quality, create noise,
and have visual impact. The design of the
engine emission and noise levels must be
within established restrictions. These
factors can be further controlled by vary-
ing altitude as necessary. Some economic
growth can be expected in the area, con-
sisting primarily of service industry for
the airship operation and housing.
The use of airships would actually re-
duce present pollution levels in the park
caused by automobiles.
i0,2 PHASE II MISSIONS
10,2,1 INTRODUCTION
The Phase II _irship will be designed
to carry 9.09 x i0 _ Kg (i00 tons) and to
have a range of 3,219 Km (2,000 miles).
These expanded load and range capabilities
increase the mission possibilities for a
lighter-than-air transportation system.
Specific mission possibilities for
Phase II airships are analyzed in the re-
mainder of this Chapter. Specific missions
analyzed include:
i. Heavy Loads - Single Family Dwell-
ings
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2. Commodities and Mail
3. Public Service - Space Shuttle
Casing.
4. Scenic Tour - West Coast
i0.2,2 HEAVY LOADS
10,2,2,1 OPERATION DESCRIPTION
Prefabricated Bridge Units
Prefabricated construction procedures
can be applied to the construction of high-
ways, railroads, and similar structures.
Modular bridge units, in particular, can be
fabricated in a central location, and then
transported and placed by airship. This
would be especially beneficial when tempo-
raKy construction roads can be eliminated
at cost savings of $i0,000 to $20,000 per
mile. Environmental credits also accrue
due to the elimination of the need to cross
streams with ground vehicles, etc. Time is
directly equated to economics in the con-
struction industry and the ability to imme-
diately move into the construction of
structures without the necessity to con-
struct access roads on new locations is im-
portant.
When it is necessary to modify exist-
capability for quickly positioning prefab-
ricated bridge units would be extxemely
beneficial. Costs to the traveling public
required to detour around construction
areas are real and substantial. These
costs include time costs, additional stops
required, and additional operating costs of
the vehicle. Overall costs of environ-
mental protection for the project would be
reduced. The social costs associated with
the project in terms of noise and air pol-
lution imposed on residents in the adjacent
areas would be reduced accordingly.
Modular Housin_
Modular construction of housing is
still in its infancy except for mobile
homes; however, with rising costs of new
home construction, more and more mobile
homes are being purchased for residences by
young couples, low income families, and re-
-tired individuals. Most cities have zoning
laws and building codes that prevent the
use of mobile homes except in special areas.
These restrictions are primarily due to
lightweight construction.
The reinforced concrete units that
have been constructed in the locations men-
tioned previously overcome the objections
that are raised to mobile homes and offer
_h_ __i _ providing good hnm_s at
reasonable costs.
Presently, one restriction faced by
the contractor prefabricating full-size
single family homes in a factory is the
necessity to transport the units by truck
in half units requiring assembling at the
site. The use of airships would provide
the meansto transport the entire house in
one piece.
Present building code requirements in
most communities are written in a manner
that precludes modular construction in most
instances. The reasoning or basis for
these codes was that they would prohibit
mobile homes which many people consider
substandard and likely to deteriorate
quickly. True modular construction is not
the same as mobile home construction. In
most cases, the construction standards for
modularly constructed homes will exceed
those of mobile homes. The increased struc-
tural strength associated with modular con-
struction should allow builders of these
homes to meet existing building codes.
10,2,2,2 ECONOMICS
The basic assumption underlying this
economic analysis is that modular housing
requiring airship transportation could ac-
count for I0 percent of new single family
housing by 1990. It is assumed that it
would be possible to charge a transporta-
tion fee equal to 10 percent of the con-
struction costs savings.
An analysis of current housing trends
and an estimate of potential demand are
presented in Appendix C. Based on an esti-
mated revenue of $25,938,000 annually and
an airship life of 20 years, a present
value analysis was utilized to derive maxi-
mum airship costs. These results, pre-
sented in Table 10-7, indicate that_an air-
ship built for $234.55 m 3 ($6.64 ft 3) or
less would be economically viable for this
application.
In addition to the present value (PV)
analysis, a more general capital recovery
(CR) analysis comparing annual costs and
revenues was also completed. A fleet size
of 4 airships costing $60,000,000 each is
assumed. A i0 percent salvage value &nd an
8 percent cost of capital are assumed.
Table 10-8 summarizes the analysis.
TABLE 10-7
MAXIMUM PAHSE II AIRSHIP COSTS
AT VARIOUS INTERNAL RATES OF RETURN
(20 YEAR LIFE)
Rate of Maximum Co_ts
Return m 3 ft _
0.08 $385.73 $ 10.92
0.I0 234.55 6.64
0.12 162.83 4.61
0.15 126.10 3.57
0.20 83.36 2.36
i0,2,2,3 SOCIOLOGICAL AND ENVIRONMENTAL
CONCERNS
Sociological
Utilizing the Phase II airship to move
and position bridges and bridge components
would result in several direct and tangible
social benefits. The overall environmental
impact would be less than from methods cur-
rently in use. Since the erection of the
bridge could be accomplished more rapidly,
the area surrounding the construction site
would be affected for a shorter period of
time, which would mean less damage to the
environment. Moving major components to
the site by airship would reduce truck
traffic to the site and reduce stress on
the roadbed. Moving major components to
the site by airship would also mean that
the need for construction roads would be
educed.
10,2,3 COMMODITIES AND MAIL
10,2.3,1 OPERATIONS DESCRIPTION COMMODITIES
TABLE 10-8
PHASE II ECONOMIC DATA: HEAVY LOADS*
Capital Recovery
Crew, flight
Fuel and maintenance
Crew, ground
Crew, office
Capital Recovery
Insurance
Helium Cost
Total Cost
$ 5,988,000 (One airship)
667,720 (Two crews)
2,000,000 (4,000 hours)
450,000 (i shift-10 men)
225,000 (I shift-5 men)
67,200 (Terminal, office, masts)
600,000 (1% of first cost)
210,000 (1% of revenue)
115,200 (20% of first cost of helium)
$10,323,120
Revenue @ 10% of market, 10% construction cost savings $21,000,000
* A complete economic analysis was not completed for single family modular
houses; however, the basic information is included in the Appendix.
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10.2.3.1.1 GENERAL
The Phase II commodity transportation
system is assumed to begin operation in
1990. However, this is not meant to imply
that Phase II airships could not be built
before 1990, or that they would not be com _
petitively viable before that time. Rather
the decision is partially prompted by con-
sidering that fliqht crew and ground hand-
ling crew experience gained in Phase I
operations might provide invaluable exper-
tise in the larger airship operations.
The four terminals needed for this
mission will be located in Los Angeles,
Dallas, Kansas City, and New York. Thus,
the airship would be capable of flying
coast to coast with a single stopover. The
same assumptions used for Phase I are also
applied in Phase II.
10.2.3.1.2 DEMAND
Table 10-9 data were used to deter-
mine potential market demand in a manner
analagous to Phase I. A weighted average
distance of 1510 Km (938 miles) was derived,
so each airshp could service 1510 kilo-
meters (938 miles) x 9.09 x 104 kilograms
(i00 tons) = 1.373 x 108 Kg-Km (93,800 ton-
miles) per flight. Since demand (i990,
projected) is 3.3057 x 108 Kg (364,393
tons), an average distance of 1,510 kilo-
meters (938 miles)ldeterminesl an annual de-
mand of 4.99 x i0 Kg-Km (341,800,634 ton-
miles).
Each airship can make 294 flights a
year, thus servicing 4.026 x I0 I0 Kg-Km
(27,577,200 ton-miles). Consequently, the
total number of airships in the fleet is
approximately 13. The total number of
flight hours is 5000 hours x 13 airships =
65,000 hours, and assuming that each flight
crew is limited to 960 flight hours an-
nually, 68 crews are required.
10.2.3.1.3 OPERATIONAL COSTS
There are assumed to be four cargo
terminals and one hangar where temporary
and periodic (scheduled) maintenance and
overhaul take place. Personnel at each
terminal consist of four load/unload per-
Ut
The results in Table 10-10 are clearly
better than for the Phase I system. Using
the 0.010¢/Kg-Km ($0.15/ton-mile) assump-
tion, if the Phase II airship can be built
at a cost of $61.82 m 3 ($1.75 ft 3) or less,
a rate of return of approximately six per-
cent can be realized. The competitive vi-
ability of the Phase II airship for this
mission is contingent upon realized reve-
nues, as shown in Table i0-i0. It would be
unrealistic to assume that an airship mode
could attract high-revenue traffic exclu-
sively. Moreover, even though a 6 percent
return is possible, airship operations must
be treated as a new venture, and, as such,
require a return on capital investment at
least on the order of 20 percent.
From the foregoing analysis, it ap-
pears that even though the Phase II airship
is superior to the Phase I airship for com-
modity transportation, competing modes of
transportation are still competitively su-
perior.
10.2.3.2.1 GENERAL REMARKS
Mail could be carried, for axle,
from Seattle, Washington to Los Angeles,
California for .023¢ per kilogram-kilometer
(35¢ per ton-mile). This is a representa-
tive price .paid to airlines on comp_itive
bids.
i0.2.3.2.2 DEMAND
If there was not enough mail foe a
full load, Lthe mail could be sorted in
Distance (kilometers)[miles]
(965,6064-1285.865856)
[600=799]
(1287.4752-1607.734656)
[800-999]
(1609.344-1929.603456)
[1000-1199]
(1931.2128-2412.406656)
[1200-1499]
*adapted from ref. 10-3
All Modes Rail (1967) Truck (1967) Rail (1980) Truck (1980)
(95,186) (41,026) (21,322) ....(70,787) (36,789)
[104,925] [45,223] [23,503] [78,029] [40,553]
(75,521) (26,357) (10,649) (45,478) (18,373)
[83,248] [29,054] [11,738] [50,131] [20,253]
(37,662) (14,123) (5,348 (24,369) (9,227)
[41,515] [15,568] [5,895] [26,862] [10,17_]
(95,264) (12,479) (3,715) (21,532) (6,410)
[105,011] [13,756] [4,095] [23,735] [7,066]
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sonnel, two communications/mechanics tech-
nicians, two electronics technicians, two
clerks, operators, three supervisors, and
three security personnel.
Flight personnel consist of a pilot,
copilot, navigator, and mechanic/freight
supervisor. Salaries and other costs are
listed in detail in Appendix B.
10.2.3.1.4 APPLICATION OF THE ECONOMIC
MODEL
Revenue and cost data associated with
this mission are analyzed with the PV model.
The general results are shown in Table
i0-i0.
10.2.3.1.5 INTERPRETATION OF RESULTS
TABLE 10-9
S, _OMMODITY TRAFFIC ACCOBDING TO DISTANCE AND MODE*
_MILLIONS OF KILOGRAMS) [THOUSANDS OF TONS]
TABLE10-10
PHASE II - REVENUE AND CONSTRUCTION COST
PARAMETERS: COMMODITIES
REVENUE
t = i0 year life
0.010¢ KgKm ($0.15 ton mile)
0.017¢ KgKm ($0.25 ton mile)
0.024_KgKm ($0.35 ton mile)
t = 20 year life
0.010¢ KgKm ($0.15 ton mile)
0.017¢ KgKm ($0.25 ton mile)
0.024¢ KgKm ($0.35 ton mile)
INTERNAL RATES OF RETURN
a = .03
$49.09 m 3
($1.39 ft 3 )
$107.03 m 3
($3.03 ft3)
$164.96 m 3
($4.67 ft 3)
$86.54 m 3
($2.45 ft 3)
$176.62
($5.00 ft 3 )
$266.67
($7.55 ft 3 )
a = .08
$31.44 m 3
($0.89 ft 3 )
$77.71 m3
($2.20 ft3)
$123.63 m 3
($3.50 ft3)
$40.97
($1.16 ft 3)
$100.67 m 3
($2.85 ft3)
$160.36 m 3
($4.54 ft 3 )
a = .12
$20.84 m 3
($0.59 ft 3 )
$60.05 m 3
($1.70 ft3)
$98.90 m 3
($2.80 ft 3)
$19.43 m 3
($.55 ft3)
$65.00 m3
($1.84 ft3)
$110.20 m 3
($3.12 ft 3 )
flight by the last 2 digits of the zip code.
The total revenue for this type of load
should be about the same as for a full load
of mail.
10.2.3.2.3 OPERATIONAL COSTS
The costs and revenues are detailed in
the economic model. The results are shown
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PHASE II COMMODITY - MAIL MISSIONS
in the curves for Phase II. If the mail
was sorted in flight, this would require
sorting machines and a sorting crew.
10.2.3.2.4 APPLICATION OF THE ECONOMIC
MODEL
If the economic model is used for a
cargo of mail only, the operation appears
to be profitable.
For example, a maximum construction
cost of $141.40 per m 3 ($4 per ft 3) for the
airship would yield a rate of return of
slightly less than 9.5%. (See fig. 10-3.)
This rate of return suggests that the Phase
II airship would be an economically compet-
itive means of moving the mail.
10,2,4 PUBLIC SERVICE MISSION: RETRIEVAL
OF SOLID FUEL ROCKET CASINGS
10,2,4,1 OPERATIONS DESCRIPTION
Over 1500 launchings are projected for
the space shuttle during the 1980's. In
standard launch procedures, rocket casings
are jettisoned into the ocean after the
fuel is expended. These boosters can be
refurbished and reused if retrieved from
the ocean. The casings are 45.4 meters
(149 ft.) long, 3.71 m (12 ft. 2 in.) in
diameter; and weigh 8.15 x 104 kilograms
(89.9 tons) empty.
I0,2,4,2 ECONOMICS
The following economic analysis is
based upon the assumption that each re-
trieved casing would have a salvage value
of $2.20/Kg ($1.00/Ib). Thus the salvage
value for each casing would be approximate-
ly $179,000. If 150 annual launchings are
assumed, total yearly savings from re-
trieval of casings would be approximately
$27,000,000.
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TABLE 10-11
PHASE II ECONOMIC DATA:
ROCKET CASING RETRIEVAL
COSTS
Capital Recovery
Crew, Flight
_uel and maint.
Crew, Ground
Crew, Office
capital Recovery
Insurance
Helium Cost
2($5,988,000)
2( 660,020)
2( 2,000,000) 4,000,000.
2( 450,000) 900,000.
2( 225,000) 450,000.
2( 67,200) 134,400.
2( 600,000) 1,200,000.
1,922,600.
2( 115,200) 230,400.
10,976,000 (Two airships)
1,335,440 (Two crews, 8 shifts
6 men)
(Two ships, 4000 hours)
(3 shifts, i0 men)
(3 shifts, 5 men)
(Two terminals, masts,
office)
(1% of ist cost)
(1% of Revenue)
(20% of ist cost
of Helium)
Total Cost 21,148,840.
COST SAVINGS
1,500 total casings ÷ i0 year (program length)
x 170,600 lb. (casing weight) x $i.00 =
$26,900,000
The capital recovery (CR) analysis
assumes a fleet Qf two airships, costing
$60,000,000 each. The airships are assumed
to have a salvage value of i0 percent and
a useful_life of 20 years. Cost of capital
is assumed to be 8 percent. The results of
the CR analysis are presented in Table
10-11. The analysis indicates that this
mission would be a cost effective use of
the Phase II airships.
10,2,4,3 SOCIOLOGICAL AND ENVIRONMENTAL
CONCERNS
Sociological
The overall social impact of utilizing
the airship to retrieve rocket casings
would be positive. Since a relatively
large number of launchings can be expected
annually, retrieval can be cost effective.
The ability to recover and reuse these
rocket casings will yeild direct and tangi-
ble resource savings without entailing any
significant social costs.
Environmental
The public service mission described
above will have minimal environmental im-
pact. The airship will be able to leave
and return to the launch site with routes
entirely over water. The actual recovery
operation will be_dled from a hover mode
without airship contact with the water.
Emissions from engines will dissipate wit-h-
out detrlm_tal effect.
year.
i0,2.5 SCENIC TOUR
i0.2,5.1 OPERATIONS DESCRIPTION
A tour along the West Coast of the
United States of about 1,609 Km (i,000
miles) could attract a large number of peo-
ple. Three hundred passengers could fill
each of 240 flights per year. The cruising
speed would be 26.82 meter/sec (60 mph).
The passenger car wouldreplace the
load/unload platform and the hoisting mech-
anism. This would leave a net payload of
9.09 x 104 Kg (100 tons). The flight crew
would consist of the pilot, copilot, navi-
gator, purser, and 30 stewards.
There would be 50 staterooms, a coach
area, lounges, etc. Two people would occu_
py a Stateroom, and would each pay an addi-
tional $50 for this comfort. The coach
tickets would be $125 each. Twenty trips
per month would be made between Los Angeles
and Seattle.
10,2,5.2 ECONOMICS
The assun_tions used in the cost cal-
culations were $17,500,000 airship cost,
20-year life, 10% salvage value, 8% inter-
est. The flight crew was assumed to be a
pilot, copilot, navigator, purser, and 30
s_ewards. Table 10-12 outlines projected
costs au%d revenues,
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TABLE 10-12
PHASE [I ECONOMIC DATA: WEST COAST TOUR
COSTS
Capital recovery
Crew, flight
Stewards
Fuel and maintenance
Crew, Ground
Crew, office
Capital recovery
Insurance
Helium cost
Total
REVENUE
$ 5,988,000
667,720
1,200,000
1,000,000
450,000
225,000
213,250
600,000
(Airship)
(4 shifts, 6 men)
(30 @ $10/hour)
(4,000 hours/year)
(3 shifts, i0 men)
(3 shifts, 5 men)
(Mast, office, ramps)
(1% of first cost)
108,000 (1% of revenue)
115,200 (20% of first cost of helium)
$10,567,170
300 people/flight x 240 flights/year x $150/person = 72,000 x $150 = $10,800,000
i0,2,5,3 ENVIRONMENTAL CONCERNS slow process requiring construction proce-
The cruise area for this mission would
be parallel to the West Coast. The airship
operation would require development of a
passenger terminal, parking lot, and air-
ship handling facility outside of the urban
area. Some removal of vegetation and dis-
placement of wildlife would occur. The re-
fueling, maintenance, and general operation
would require a local water source and a
waste-water treatment unit. A site and ap-
proved procedure would be required for the
disposal of solid wastes. The operation of
passenger and crew automobiles as well as
the airship would create localized degrada-
tion of the air quality; however, this is
expected to be below discomfort and hazard
levels even at peak periods. Electrical
power will be required for the terminal
operation but the amount can be minimized
by proper design.
The actual flights would be parallel
and adjacent to the coast. The airship
would create a visual and noise impact;
however, this should be acceptable for the
short periods of time involved.
i0•,3FUTUREMISSIONS
Potential future applications for LTA
transportation systems are worldwide and
extremely diverse. This section outlines
some applications which may be feasible as
experience is gained with airship opera-
tions and as the technology is developed.
Underdeveloped countries suffer con-
tinually because of lack of transportation
systems. There is a correlation between
the level of overall development in a
nation and the development of its transpor-
tation system. Construction of transporta-
tion systems in these nations is usually a
dures progressing from the point of origin
toward the final destination. The use of
airships would permit initiating construc-
tion at several points along a route and
moving heavy equipment quickly and easily.
In. addition, the airship would allow devel-
oplng nations to utilize centralized modu-
lar construction of structures which would
reduce cost and expedite construction. The
airship would provide an economical means
to move materials and equipment into remote
settlements for construction of basic com-
munity improvements.
The concept of centralized construc-
tion or assembly of complete units that now
are shipped as component parts to the final
location and assembled there will no doubt
be expanded beyond the 100 ton limit used
for this study up to the 300 to 400 ton
range. This would open a wide range of
possibilities for new methods of construc-
tion in all fields, substantially changing
the character of work methods. Generators
and other large components for use in large
electrical generating plants, whether nu-
clear or conventional power, are now con-
structed at the manufacturer's plant, assem-
bled to test, disassembled, and shipped to
the final location for reassembly. The
time savings, cost reduction, and addition-
al flexibility associated with the removal
of transportation constraints would be very
beneficial.
Keating, in his paper entitled, "The
Transport of Nuclear Power Plant Compo-
nents," (ref. 10-6) discusses the potential
number of nuclear plants to be constructed
by the year 2000. It is estimated that 700
new nuclear plants will be constructed in
the 1981 to 2000 period with 50 to 20 per-
cent located inland. These plants will
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havemajorcomponentunits ranging in sizefrom18 tons to 1000 tons.
In a telephone conversation, Mr. Lyle
Lafauer, Project Engineer for the Pacific
Gas and Electric Company, Diablo Canyon Nu-
clear Power Plant construction project,
stated that at that project major component
units weighing from 88 to 400 tons were in-
volved, requiring a special roadway, 192
wheel transporter, and a specially con-
structed gantry crane for offloading from
barge to land. Mr. Lafauer also stated
that his information indicates over i000
nuclear plants are anticipated in the U.S.
by 2000 with only 55 now in operation and
60 under construction. Twenty-six foreign
nations are planning for an additional 212
nuclear plants during the same time frame.
Although this report did not deal with
military applications, the potential for
movement of equipment, housing, etc., would
be an immediately feasible application at
any time that such use were deemed advisa-
ble. In addition, surveillance-type mis-
sions for special operations, such as ma-
neuvers, etc. would be very practical.
The use of airships as vehicles for
surveillance in our wilderness areas, dur-
ing disasters, and during major forest fires,
etc. is a very feasible application. The
flexibility of an airship providing a
stable hovering platform for long durations
would be beneficial in such applications.
Goodyear has also examined the feasibility
of a small airship for police use.
Helicopters have recently become popu-
lar for agricultural purposes (planting and
spraying) due to their ability to maneuver
in a STOL or VTOL mode. The airshp would
have a definite potential in this area and
be superior due to greater load capabili-
ties and flight duration.
Emergency missions utilizing the high
load capacity and VTOL mode capability of
the airship in times of national and inter-
national disaster are definitely feasible.
This application is difficult to address in
economic terms; however, nations spend mil-
lions yearly in disaster relief. Hospital
ships would fall in this category as well
as being considered separately when aid to
underdeveloped countries is the topic. A
disaster mission might take the form of one
of the following:
i. Series of Explosions (Texas City
1948)
2. Earthquake
3. Flood
4. Wind Storm
5. Atomic attack
When disaster occurs , facilities such as
those listed below are disrupted:
i. Telephone lines
2. Electric lines
3. Natural gas mains
4. Water mains
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5. Sanitary sewers
6. All ground transportation systems
7. Air transportation requiring fixed
runways
An airship could serve as a command
headquarters Over the disaster area. It
could provide a base for security opera-
tions to prevent looting. It could provide
transportation for:
I. Food and portable kitchens
2. Water and portable purifiers
3. Fuel of all kinds
4. Medical supplies
5. Clothing and blankets
6. Portable hospitals
7. Portable shelters
This list of possible applications
is not intended to be exhaustive or all-
inclusive, but rather to briefly touch on a
few of the many potential areas where the
airship can fulfill a need. In ref. 10-7,
a paper prepared by Mr. Horsburgh, he out-
lines many additional areas of potential
airship applications:
Lighter-than-air vessel operations
are of immediate relevance to geo-
logical and mineral exploration, for-
estry management and logging; agri-
cultural services; crop fertilization
spraying; stock supervision, pollu-
tion observation and assessment;
mariculture and fisheries; offshore
oil rig servicing; scheduled bulk
transportation of routine cargos, of
fragile perishables, and livestock;
unscheduled, incidental deliveries
and pipeline inspections ....
Humanitarian uses of lighter-than
air vessels would include all forms
of tempest, aircraft and highway ac-
cidents, policing and general public
safety. Special hospital facilities
and operating equipment could be as-
sembled aloft, as in any field hospi-
tal, and emergency food distribution,
human and livestock, are obvious bene-
fits, while educational travel and
exploration, and tourism (for the
revelation of territorial and natural
wonders and wildlife sanctuaries to
which public should not have access)
are among the more pleasurable opera-
tions required of lighter-than-air
vessels.
The use of LTA's for commuter traffic
in today's market is uneconomical; however,
the constraints governing this conclusion,
such as price of gasoline, availability and
capacity of surface transportation facili-
ties as well as levels of goverr_T_ent sub-
sidies, are changing continually. Rising
costs of present transportation systems,
including environmental costs, could dic-
tate the use of an LTA transportation sys-
tem in the future. The LTA system, because
it does not require environmentally and
sociologically damaging dedicated, fixed
surface routes may become more attractive
in the future.
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11,1 SUMMARY STATEMENT
An airship cargo transportation system
for the carrying of large, heavy loads has
been designed coneptually, using the tech-
niques of systems engineering. Loads up
to 9.1 x 104 Kg (i00 tons) can be accommo-
dated and are found economically feasible.
A number of mission examples are given with
economic analysis to illustrate the feasi-
bility of the airship concept. These mis-
sions include examples ranging from public
service and civil needs to long distance
cargo hauling.
The design calls for implementation
in stages designated as Phase I and Phase
II. The Phase I stage calls for a fleet
of rigid airships capable of carrying
cargo loads of 1.27 x 104 Kg (25 tons) at
a speed of 36 m/sec (80 mph) for a distance
of 966 Km (600 miles). The hull volume
for the Phase I airship is suggested to be
9.9 x 104m 3 (3.5 x 106ft 3) and the lifting
gas will be helium. The Phase II stage also
calls for a fleet of rigid airships, carry-
ing 9.1 x 104Kg (100 tons) at a speed of 27
m/sec (60 mph) for a distance of 3200 Km
(2000 miles). The lifting gas will again
be helium and the hull _isplacement will be
3.4 x 105m 3 (12 x 106ft 3) for the Phase II
airships.
Since the Phase II airships will be
the largest ever built, the Phase I ships
will be built first. Phase I will serve as
a training base for construction techniques,
ground handling, crew training, and load
handling. Current technology should offer
many engineering advances which were not
available during the heyday of the airship.
These advances include sophisticated com-
munication electronics and navigation equip-
ment, ground handling equipment, and exotic
materials for construction. Also, innova-
tive structural techniques should produce
a more effective structure.
The load handling design calls for the
cargo to be taken into a cargo hold inside
the airship. Hoisting equipment would
be part of load-unload mechanism and would
travel with the al'rship to facilitate load-
ing and unloading in remote areas.
The airships would have a stern-mounted
propeller for propulsion as well as for a
measure of boundary layer control and pres-
sure drag minimization. Side-mounted en-
gines would provide a hovering capability
as well as thrust vector control.
ii,2 RECOMMENDATIONS FOR IMPLEMENTATION
The suggested sequence for the imple-
mentation of airships is shown in Fig. ii-i.
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AIRSHIP IMPLEMENTATION
Distinct paths are noted for each size air-
ship, but in reality, there may be an inter-
dependence between the two.
Of the possible methods of R and D
funding discussed in Chapter 3, the most
feasible appears to be by government appro-
priation. A line-item in the budget of
some governmental agency such as NASA would
probably be best. The two airships could
be developed simultaneously, or if the Phase
I airship is to be used for testing and
systems checkout, its development could
precede the Phase II airship.
The prototype vehicles would be used
for training of flight crews, ground crews,
for flight qualification of equipment and
vehicle certification. Assuming that feasi-
bility is demonstrated in the prototype
vehicles, a fleet could then be sized,
depending on the missions deemed economic
at that time. The Phase I fleets and the
Phase II fleets could be developed inde-
pendently; or, particular missions might
require both ships to be built. Depending
on the missions selected, the fleet fund-
ing could be private or governmental.
In connection with the study, an air-
ship attitude survey was conducted among
members of Congress. Approximately forty
percent of Congress responded to the ques-
tionnaire. The overwhelming majority of
the respondents had a positive attitude
about airships and their place in our
nation's future. A majority of the res-
pondents felt that a national investment
in airships would be a worthwhile venture.
11.3 IDENTIFICAIIONOF NEEDED TECHNICAL
ADVANCEMENT
The classical body of revolution shape
is possibly not the best aerodynamic shape
to be used for an airshape. Some recent
studies have identified a "laminar" classi-
cal shape which is reputed to have less
drag than the classical shape itself. This
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laminar shape supposedly retains a laminar
boundary layer for a greater distance from
the leading edge. Whether or not this is
true is unclear at this time. Wind tunnel
tests and/or potential-flow simulation of
the shape could lead to some answers con-
cerning questions of this nature. These
types of analyses have been lacking thus
far in the renewed study of airships.
Hoisting systems need to be designed
to'gain a reduction in weight with no loss
in lifting capability. Possible ways of
doing this would be to use aluminum instead
of steel, use of composite materials and
use of Kevlar cables for lifting.
Ground-handling equipment for these
larger airships needs to be developed.
This would involve use of a hydraulic,
telescoping mast and larger, more mobile
mules. A cable-arrest system similar to
that used on aircraft carriers would also
be a useful addition to ground-handling
facilities.
An investigation of the trade-offs
involved in using stainless steel as a
hull material should be made. This is
because of the potential of stainless
steel as an outer skin material.
A significant amount of work remains
to be done on the topic of materials
technology. This involves the use of
composite materials to reduce weight with-
out any sacrifice in strength.
The thermodynamic management of the
lifting gas and the air in the ballonets
needs to be studied carefully. The
amount of superheat and overpressure both
could play significant roles in the lifting
capability of the airships.
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AIRSHIPS ATTITUDE SURVEY
Table A-I is the survey form used to determine Congressional attitudes towards the
lighter-than-air vehicle.
TABLE A-I
AIRSHIPS ATTITUDE SURVEY
Some corporations and governmental agencies are currently proposing that airships (lighter-
than-air vehicles similar to blimps) be used to move both cargo and people. These pro-
posals are based on the fact that the airship could handle much larger loads than airplanes
and go directly to remote locations without airports or the necessity of elaborate site
preparation.
The following questions ask you to express your opinions concerning the safety and economic
feasibility of using airships for transportation. This is not an attempt to determine how
much you know about airships, but what your opinions are about airships. No attempt will
be made to identify any respondent by name.
Directions: Please circle the response which most closely represents your opinion.
!. I feel that airships could offer a practical means of moving extremely heavy cargoes.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
2_ I would feel uncomfortable with a large airship flying over my community.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
3. I believe airships could compete economically with airplanes on specialized jobs such
as carrying cargo to underdeveloped areas (jungles, arctic regions, etc.) which do
not have airports.
1 2 " 3 4 5
Strongly Agree Agree Do Not Knpw Disagree Strongly Disagree
4. The airship is an outmoded form of transportation which should not be seriously con-
sidered for cargo or passenger transportation.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
5. I believe that modern technology couldmake the airship safe.
.i 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
6. Research and development funds to update airships for transportation purposes would
be a good investment.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
7. I believe airships could be built safe enough for passenger transportation.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
8. The Hindenburg accident of 1937 demonstrates that airships are simply too dangerous
to be used for civilian cargo or passenger transportation.
1 2 3 4 5
Strongly Agree Agree Do Not Know Disagree Strongly Disagree
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TABLE A-I (continued)
9,
If modern technology can make the airship feasible, would you support Federal funding
to make it a reality?
1 2 3 4 5
Definitely Probably Do Not Know Probably Would Definitely Would
Would Would Not Not
Please check the section of the country that you represent.
EAST NORTH CENTRAL
Illinois, Indiana, Michigan, Ohio, Wisconsin
EAST SOUTH CENTRAL
Alabama, Kentucky, Tennessee, Mississippi
MIDDLE ATLANTIC
New Jersey, New York, Pennsylvania
MOUNTAIN
Arizona, Colorado, Idaho, Montana, New Mexico, Nevada, Utah, Wyoming
NEW ENGLAND
Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont
PACIFIC
California, Oregon, Washington
SOUTH ATLANTIC
Delaware, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia,
West Virginia
WEST NORTH CENTRAL
Iowa, Kansas, Missouri, Minnesota, Nebraska, North Dakota, South Dakota
WEST SOUTH CENTRAL
Arkansas, Louisiana, Oklahoma, Texas
ALASKA or HAWAII
I am a member of:
United States House of Representatives
United States Senate
If you are a member of any of the following committees, please check the appropriate space.
UNITED STATES HOUSE OF REPRESENTATIVES
Appropriations
Armed Services
Education and Labor
Foreign Affairs
Interstate and Foreign Commerce
__ Science and Technology
Ways and Means
UNITED STATES SENATE
Aeronautical and Space Science
Appropriations
Armed Services
Commerce
i
z
/
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COST DATA ON COMMODITYTRANSPORT
The following material is cost detail related to an airship fleet transporting com-
modities. Table B-I and Table B-2 give the ground facility data for Phase I and Phase II
respectively. Table B-3 gives crew costs for both Phases. Table B-4 and Table B-5
summarize the Phase I and Phase II cost data respectively.
TABLE B-I
PHASE I GROUND FACILITIES
HANGAR OPERATIONS
Personnel at Hangar (annual costs)
Mechanic (i)
Structures (i)
Electronics (i)
Mule Operators (2 @ $10,000)
Clerk (i)
Supervisor (I)
Security (3 @ $8,000)
Administrative ($122,000 x .5)
Total Personnel Cost
Other Costs (fixed)
Mobile Mast
Masts (stick) (4 @ $75,000)
Mules (2 @ $75,000)
Support vehicles and equipment
Total Other cost (fixed)
$ 16,000
16,000
16,000
20,000
I0,000
20,000
24,000
61,000
$ 183,000
$ 500,000
300,000
150,000
25,000
$ 975,000
Other Costs (operating)
Electricity
Sewer and water $200/mo.
Telephone
Rent on hangar
Miscellaneous replacement equipment & supplies
Total Other Cost (operating)
TERMINAL OPERATIONS
Personnel at Terminal
Load/unload (2 @ $I0,000)
Comm/Mech (I)
Supervisor
Clerk
Annual Cost for Each Crew
Each 5-man crew contributes (49 weeks x 40 hours) =
1960 hours/year (364 days x 24 hours) ÷ 1960 =
5 crews x $60,000 = $300f000
(8 terminals) x $300,000 = $2,400f000
Administrative Costs (.5 x 2_400,000) = $1,200,000
Annual CoSt for all Terminal Personnel
$ 12,000
2,400
2,000
120,000
25,000
$ 161,400
$ 20,000
15,000
15,000
i0,000
$ 60,000
$3,600,000
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TABLE B-I (CONTINUED)
Other Costs (fixedl
Land - 1.4 x 10 _ m 2 (35 acres @ $1000 an acre)
Building (operations room, radio, billing, etc.)
Mast (stick) (2 @ $75,000 each)
Electricity
Sewer and water
Maintenance (refueling, ballast handling)
Loading docks 15 m x 37 m (50 ftx 120 ft)
Access road, parking, etc.
Support vehicles
Total Other Costs (fixed)
Total fixed cost for all terminals (8 x $460,000)
$ 35,000
60,000
150,000
10,000
25,000
10,000
30,000
i00,000
40,000
$ 460,000
$3,680,000
Other Costs (operating)
Electricity
Sewer and water
Telephone
Miscellaneous replacement equipment and supplies
Total Each Terminal
Total Other Operating Costs (8 terminals x $44,000)
$ 12,000
5,000
2,000
25,000
$ 44,000
$ 352,000
TABLE B-2
PHASE II GROUND FACILITIES
HANGAR OPERATIONS
Personnel at Hangar (annual cost)
Mechanics (2)
Structures (2)
Electronics (2)
Mule operators (4 @ $10,000)
Clerks (2)
Supervisors (3)
Security (3 @ $8,000)
Administrative ($240,000 x .5)
Total Personnel Cost
$ 32,000
32,000
32,000
40,000
20,000
60,000
24,000
120,000
$ 360,000
Other Costs (fixed)
Mobile Mast
Masts, stick (2 @ $225,00G)
Mules (5 @ $75,000)
Docking trolley
Support vehicles and equipment
Total Other Costs (fixed)
Other Costs (operating)
Electricity
Sewer and water
Telephone
Rent on hangar
Miscellaneous replacement equipment and supplies
$1,500,000
450,000
375,000
500,000
50,000
$2,875,000
$ 24,000
3,600
3,000
120,000
50,000
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TABLE B-2 (CONTINUED)
Total Other Costs (operating) $ 200f600
Personnel at Terminal
Load/Unload (4 @ $i0,000)
Comm/Mech (2 @ $15,000)
Supervisor (2 @ $15,000)
Clerk (2 @ $I0,000)
Annual Cost for Each Crew
Each 10-man crew contributes (49 weeks x 40 hours) =
1960 hours/year (364 days x 24 hours ÷ 1960 =
5 crews. 5 crews x 120,000 = $600,000
(4 terminals) x $600,000 = $2,400,000
Administrative Costs (.5 x 2,400,000) = $i,200f000
Annual Cost for all Terminal Personnel
$ 40,000
30,000
30,000
20fO00
$ 120fO00
$3,600,000
Other Costs (fixed)
Land - 3.03 x 105 m 2 (75 acres @ $i,000 an acre)
Building (operations room, radio, etc.)
Masts (stick) (2 @ $225,000 each)
Electricity
Sewer and Water
Maintenance (refueling, ballast handling)
Loading docks 30 m x 37 m (i00 ftx 120 ft)
Access road, parking, etc.
Support vehicles
Total Other Costs (fixed)
Total ($825,000 x 4 terminals) =
Total Land Costs (75,000 x 4)
Total Other Costs (fixed) for 4 Terminals
$ 75,000
60,000
450,000
20,000
25,000
30,000
60,000
i00,000
80_000
$ 825_000
$3,300f000
$ 300,000
$3,600,000
(except land)
(except land)
Other Costs (operating)
Electricity $ 24,000
Sewer and Water 10,000
Telephone 3,000
Miscellaneous replacement equipment and supplies 50,000
Total Each Terminal
Total Other Operating Costs (4 terminals x 87,000) =
$ 85,000
$ 348,000
TABLE B-3
PHASE I AND PHASE II CREW COSTS
Fli@ht Personnel
Total annual commodity demand is 340,747,452,100 kilogram-kilometers (233,393,091 ton-miles)
Average flight is 611.55 kilometers (380 miles and takes 6 hours (allowing for load, un-
load, refuel, etc.).
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TABLE B-3 (CONTINUED)
At a 5000 hour/year utilization rate, each airship will fly 833 flights annually, and
since each average flight generates 611.55 x 22,679.6 = 13,869,709.38 kilogram-
kilometers (380 x 25 = 9,500 ton-miles), each airship is capable of serving
13,869,709.38 x 833 = 1.16 x i0 I0 kilogram-kilometers a year (9500 x 833 =
7,913,500 ton-miles a year).
Total flights per year = 24,568
Total flight hours per year = 24,568 x 6 = 147,408 hours.
(5000/960) x 30 = 157 crews.Assuming that flight personnel fly 960 hours annually,
Salaries of Flight Personnel Phase I Phase II
Pilot $ 45,965 $ 45,965
Co-pilot 45,965
Flight engineer 30,000 30,000
Freight engineer 12,000 12,000
$ 133,930 $ 87,965
$21,027,010 $13,810,505
10,513,505 6,905,253
$31,540,515 $20,715,758
Total flight personnel (157 x totals I & II)
Administrative costs (% x flight personnel costs)
Total Costs
AO =
A I =
A2 =
As =
A_ =
Bo =
B1 =
Co =
CI =
C2 =
Cm =
C_ =
C5 =
Cs =
C7 =
C8 =
So =
SI =
$2 =
Sm =
TABLE B-4
PHASE I COST SUMMARY
Fleet Cost (parameter to be determined)
Cost of helium (no. ships x He volume x $50/1000 ft 3)
Cost of terminals
Cost of hangar operations equipment
Initial insurance payment = .02 A0
Annual insurance payments = .02 A0
Annual helium cost = .25 x $4,155,000
Annual cost of hangar rent
Annual cost of terminal personnel
Annual cost of flight personnel
Annual cost of hangar personnel
Annual administrative costs
Annual cost of terminal operations
Annual cost of hangar operations
Annual cost of fuel and oil
Annual cost of spare parts = .01 A0
Salvage value of airship fleet = .15 A0
Salvage value of terminals, less land @ 20%
Salvage value of land (= initial value)
Salvage value of helium (= (1.2) x initial value)
$ 4,155,000
3,680,000
975,000
1,038 750
120000
2,400.000
21,027010
122000
11,774,505
352.000
41 400
13,031,483
680,000
280,000
4,986,000
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A0 =
A1 =
A2 =
A3 =
A_ =
B0 =
BI =
CO =
C1 =
C2 =
CS =
C_ =
CS =
C6 =
C7 =
CS =
SO =
$I =
$2 =
$3 =
TABLE B-5
PHASE II COST SUMMARY
Fleet Cost (parameter to be determined)
J
Initial helium cost (no. ships x He volume x $50/1000 ft 3)
Terminal fixed costs
Hangar fixed costs
Initial insurance payment = .02 A0
Annual insurance payment = .02 A0
Annual helium cost = .25 x 7,488,000
Annual hangar rent
Annual cost of termYnal personnel
Annual cost of flight personnel
Annual cost of hangar personnel
Annual administrative cost
Annual cost of terminal operations
Annual cost of hangar operations
Annual cost of fuel and oil
Annual cost of spare parts = .01 A0
Salvage value of airship fleet = .15 A0
Salvage value of terminals, less land; @ 20%
Salvage value of land (= initial value)
Salvage value of helium (= (1.2) x initial value)
/
$ 7,488,000
3,600,000
2,875,000
1,872 000
120000
2,400 000
9,107240
240000
5,873620
348000
200_600
6,252,702
660,000
300,000
8,985,600
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HEAVYLOADMARKETCOMPUTATIONSFOR
•PHASEI AND PHASEIIAIRSHIPS
Phase I
Tables C-I through C-5 contain data related to the potential market for a Phase I
airship carrying modular apartment units.
The main savings over current building practices result from using modular construc-
tion when the airship is utilized for transport.
TABLE C-1
1972 UNITED STATES
APARTMENT CONSTRUCTION DATA
(ref. C-1)
io
2.
3.
T_pe of Unit
Number Const. Total
Floor of Cost Const.
Area Units Per Unit Cost
m 21 Millions
ft 2 Dollars of Dollars
Bedroom
Bedroom
Bedroom
72
770 210,344 15,400 3,239
108
1,155 244,892 23,100 5,657
144
1,350 35,268 27,000 95_____2
Grand Total 9,848
TABLE C-2
NUMBER OF UNITS AT VARYING PERCENTAGES
OF TOTAL HARKET
Potential Market
Attracted (Percent)
Total Const. Cost
(Millions Dollars)
5 492"**(a)
10 985
15 1,477
20 1,970
No.
of
Number of Airships
Apart. Modules* Needed
64,822(b) 16(c)
129,660 32
194,559 49
259,187 65
*Modules are 6m x 6m -- 36m 2 (18 ft - 4 in x 18 ft - 4 in -- 335 ft 2}
need: 2 modules for 1 bedroom apartment
3 modules for 2 bedroom apartment
4 modules for 3 bedroom apartment
**Based on ! hour handling time/module and 4000 hours/year/airship.
***Example:
a) $9,848,000,000 (Table C-1) x .05 - $492,000,000
b) (210,344 (Table C-1) x 2) + (244,892(Table C-1) x 3) + (35,268 (Table
C-1) x 4) = 1,296,436 modules and 1,296,436 x .05 - 65,822 modules
c) 64,822 modules x 1 hr/module x airship/4000 hr - 16 airships
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TABLE C-3
TOTAL CONSTRUCTION COST SAVINGS ESTIMATED
AT VARYING PERCENTAGES OF TOTAL MARKET
AND COST SAVINGS
Percentage
of Total
Market
Const. Cost Reduction (Percent)
Using Modular Construction
5 I0 15 20
5 24.6* 49.2 73.8 98.4
i0 49.2 98.5 147.8 197.0
15 73.9 147.7 221.6 295.4 ....
20 98.5 197.0 295.5 394.0
*Table numbers are expressed in millions of dollars.
Example: $9,848,000,000 (Table C-l) x .05 x .05 =
$24,000,000
TABLE c-4
TOTAL CONSTRUCTION COST SAVINGS AT
VARYING PERCENTAGES OF MARKET BY
TYPE OF APARTMENT
Total Const.
Expenditure
(Millions
of Dollars)
Total
Type of Number
Apartment of Units 5
Percent of Const. Costs Saved
At Different Percentaqes of Market
i0 15 2O
One Bedroom 3,239 210,344 162" 324 486 648
(10,517) (21,039) (31,558) (42,078)
Two Bedroom 5,657 244,892 283 566 849 1,131
(12,251) (24,502) (36,753) (48,961)
48 95 143 190
Three Bedroom 952 35,268 (1,778) (3,519) (5,296) (7,037)
*Example: $3,239,000,000 x .05 = 162,000,000 Dollars Saved
210,344 units x .05 = 10,517 Units modular built and airship carried
Modules
TABLE C-5
TOTAL NUMBER OF APARTMENT MODULES
TO BE HANDLED BY PHASE I AIRSHIPS
Total Modules at Varying
Percentage of Market
5 10 15 2O
One Bedroom
(2 modules/unit)
Two Bedroom
(3 modules/unit)
Three bedroom
(4 modules/unit)
Total Modules
21,034" 42,078 63,116 84,156
36,753 73,506 110,259 146,883
7,112 14,076 21,184 28,148
64,903 129,660 194,559 259,187
190
*Example:
10,517 units
TABLE C-5 (CONTINUED)
(Table C-4) x 2 modules/unit = 21,034
J
Phase II
In 1972, $20,960,000,000 was spent on new construction for streets, highways, and
railroads (ref. C-1). It is assumed that 10 percent of this money i.e., $2,096,000,000,
is spent on structural units adaptable to centralized off-site construction. These units
could be carried to construction sites by an airship.
A conservative estimate of the cost savings would be about 10 percent or $209,600,000.
The tabulation in Table C-6, however, presents cost savings over a range from 5 to 20
percent.
Percent of Total Market
TABLE C-6
MARKET-AIRSHIP-COST DATA RELATED
TO LARGE MODULAR STRUCTURES
Cost Reduction
Through Number
Modular Const. of Units
(Millions-Dollars) (Ea.)
Airship No. of
Operational Airships
Time Required
(Hours) Ea.
Example:
5 10.5 (a) 300 (b) 1,200 (c) 1 (d)
10 21.0 600 2,400 1
15 31.4 897 3,588 1
20 42.0 1,200 4,800 1
a) $209,600,000 x .05 - $10,500,000
b) Assuming an average modular unit cost of $35,000
$10,500,000/35,000 = 300 units
c) Assuming 4 hours of airship time/module, 300 x 4 - 1200 hrs
d) An airship can operate up to 5000 hrs/year; therefore S 1 is required.
The economics analysis assumes that the reduction in overhead and savings in time
would besufficient inducement for a customer to pay one-half of the savings to the airship
transport system.
Modular units of the type carried are presented in the following.
Brid_e Segments
Pig. C-I shows a typical two lane bridge segment which could be carried by a Phase
II airship.
Housin_ Modules
Number of housing starts per year are estimated at 2,000,000 (See Chapter i0) with an
_ssumed value of $20,000 each. Using these values a potential market for centralized
modular construction is analyzed. Phase II airsh_ips are used for delivery to the construc-
tion site. Tables C-7, C-8, and C-9 present data pertinent to this analysis.
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TABLE C-7
POTENTIAL NUMBER OF MODULAR HOUSING UNITS 11_T)VARYINGPERCENTAGES OF-TOTAL MARKET (PHASE
Percentage of Total Market Number of Units
5 i00,000
i0 200,000
15 300,000
20 400,000
TABLE C-8
CONSTRUCTION COST SAVINGS FOR VARYING PERCENTAGES OF
MARKET AT VARIOUS PERCENTAGE COST REDUCTIONS
No. of
Units
i00,000
200,000
300,000
400,000
*Example:
Percentage Saving
5 I0 15 20
i00" 200 300 400
200 400 600 800
300 600 900 1,200
400 800 1,200 1,600
($20,000/unit)x(100,000 units)x .05 = $i00,000,000
cost savings
TABCE c-9
FLEET SIZE AT VARIOUS MARKET PERCENTAGES
_ercenta_e of Market Number of Housing Units (Table C-7) Fleet Size
5 I00,000 I00 (a)
i0- 200,000 200
15 300,000 300
20 400,000 400
Example:
(a) I00,000 units x 4 hr/unit = 400,000 hrs.
400,000 hrs
4000 hrs/airship = i00 airships
Fig. C-2 illustrates the size and mass of a centrally constructed housing unit.
11.15m(34ft) __
MASS= kg Ibm
BEAMS 17,010
SLAB 63,051
BRACING 3,402
(20 PERCENT
OF BEAM MASS)
B_43
37,500
,3e,gSS
7,500
183958 (92toni)
FIGURE C-I
•MODULAR BRIDGE
Ill.Sin 2 (I,200ft 2) FLOOR AREA HOU¢_ UTI-
LIZING 102¢m (4i.) SLABS,'LIGHTWE]GHT
cONCRETE, AND STEEL RATED AT 9.BkB/m I
• (2LBM/fI e)
MASS; kg ibm
SLAB 2i490B 48,312
END WALL 12.0_ 26,572
SIDE WkLL limB5 25,766
ROOF 27,606 60873
PARTITIONS 12.050 26,572
es.3oo iM,olm
NOTE: WINOOW ANO D(X)R OPENINGS WERE NOT
CORSlOERED AS TH( EQUIVALENT MATERIAL
WOULD BE NEEDED FOB STRUCTURAL STA"
BiLITY ANYWAY.
FIGURE c-2
MODULAR HOUSE
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ADDITIONALLTA VEHICLEAPPLICATIONS
In addition to the missions given in
Chapter i0, there are several that the team
analyzed. These do not appear economically
feasible at this time. However, due to
broad interest in these areas they are pre-
sented here.
"New Town" Applications
The presen_ "new town" or resort town
concept (a self-contained community re-
moved a short distance from an urban area}
is not proving feasible. Most of these
towns have a substantial number of resi-
dents employed outside the town who require
intercity transportation.
Airships could be used to provide
transportation from these towns to a
central terminal--an interface with other
modes. The economic analysis should ac-
count for reduced air pollution and high-
way facilities, but these factors are very •
area dependent and hence not included in
this general analysis.
Assumptions:
"New town"-40.23 kilometers (25 miles) from
urban center, cost of auto transportation
is .0932¢/ki10meter (15C/mile).
Monthly commuting:
80.46 kilometers x .0932C/kilometer x 22
days = $165.00 revenue per passenger per
month - @ 200 passenger/airship _ $33,000
revenue/month.
This revenue is not adequate to support
an airship system for commuter purposes--
monthly costs alone are about $300,000.
However, there are several positive factors
that could be considered. They are as
follows:
i. Traffic would be reduced on access roads
due to the elimination of peak commuter
loads. Structural strength could then
be designed on the order of 40 to 50
percent less. Depending on the dis-
tances involved, the cost reduction at
a rate of $15,534.28 - 31,068.56/
kilometer ($25,000-50,000/mile) could
be up to a maximum of $1,250,000 for
40.23 kilometers (25 miles).
2. Traffic accidents and traffic related
injuries and deaths would also be re-
duced. The total U. S. transportation
deaths in 1972 was 61,673 persons
(ref. D-I). The highway toll was
56,600 while air travel deaths were
1,547. Passenger kilometers (miles)
traveled were 3,628,850 (2,255,345)
and 214,160 (133,101) for highway and
air respectively. Hence, over 97 per-
cent of the deaths occur on highways
while 94 percent of the traffic moves
in this manner. Use of airships could
reduce this death toll.
3. Current pollution levels due to surface
transport modes may also he reduced by
the airship since it flies high enough
foradequate dispersal of any engine
emissions.
4. Airships could also be used to deliver
uommoditles and remove waste materials.
This would be a productive use during
off, peak commuter hours.
An analysis of the waste removal po-
tential follows_
Solid waste generated in this country
averages between 1.18 and 1.81 kilograms
(2.6 to 4 lhs) per person. Collection of
Solid waste costs about 5¢ per kilogram
($45 per ton) and represents 80 percent of
the total disposal cost. (ref. D-2)
For estimating purposes assume solid
waste is equal in mass to the commodities
brought into a community. This would give
a range of 431 kilograms (949 lbs) to 664
kilogrems (460 lbs) per person per year.
An airship could make 2 round trips per
day assuming a 50 mile trip and 1 hour
loading and 1 hour unloading time. The
size community necessary to support one
airship then is calculated as followsz
Assume an average of 1.5 Kg (3.3
Ibm) of solid waste/day/person. This
same number is assumed for commodities/
day/person. Utilizing a Phase I ship
carrying 22.7 x 103 Kg (25 tons), com-
munity size -
22.7 x 103 K_ _ 30,200
1.5 Kg/person/day x Gay
The total monthly revenue available to
each airship utilized as a combination com-
muter-commodity-waste carrier would be
commuter revenue $33,000
commodity and waste revenue $39,500
-assumes 2 round trips a
day and 0.007¢/Kg-Km (104/
ton-mile)
Total Revenue/Month $72,500
This is 8t211 much less than the
$300,000 monthly cost of the Phase I air-
ship. However, social and environmental
considerations could motivate another look
at this application in the future.
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Commuter Applications-Phase II Airship
The present market for LTA commuter
application appears uneconomical; however,
this could change very quickly with changes
in the availability and cost of fuel.
Theoretically the Phase II airship can
transport 750-1000 people per trip; however,
the loading and unloading of this large a
group would require extensive terminal
facilities both at origin and destination.
This type of application would require
feeder systems_
With the existence of numerous local
terminals 30-60 miles from a large central
urban area and a central terminal inter-
facing th= LTA system .... the city d _-
bution systems, it is reasonable to assume
a demand up to the LTA passenger limit
twice a day. The trip, including boarding
and disembarking would take approximately
one hour for the 48 kilometer (30 mile)
trip and one and one-half hours for the 97
kilometer (60 mile) trip. The elasticity
of fares for this type of service is dlf-
ficu_t to predict due to the numerous vari-
ables involved. The existence of public
transportation subsidies also makee direct
determination of a reasonable fare dlf-_
ficult. Hence, use a cost of 9C/kilometer
(15C/mile)--that needed to operate an
automobile. Assuming one person per car
the cost would be $9.00 for 48 kilometers
_30 miles) and $18.00 for 97 kilometers
(60 miles). This does not include the cost
of parking. Using these numbers the reve-
nue for airship commuter operation can be
computed as follows:
48 kilometers (30 miles):
1,000 people x $9.00 per day x 264
days per year = $2,376,000
97 kilometers (60 miles):
1,000 people x $18.00 per day x 264
days per year = $4,752,000
Th_key to an economic operation will
be usage during off-peak periods. This
is true for any public transportauion sys-
tem and is not restricted to LTA operation.
With the use of removable pods permitting
passenger haul during peak commuting periods
and cargo haul during off-peak, a dual us-
age system could be developed that is
economically attractive.
The total monthly revenue available to
each commuter-commodity Phase II airship
would be
48 Km trip 97 Km t_ip
(30 mile) (60 mile)
"commuter revenue $2,376,000 $4,752,000
Commodity revenue 270,000 540,000
"-assumes 1 round
trip a day and i¢/
Kg-Km (15C/ton-
mile)
Total Revenue/Year $2,646,000 $5,292,000
These revenues are less than the
$10,000,000/year cost of the Phase II air-
ship.
Boeing-Vertol indicates that a West
Coast commuter service using LTA vehicles
of their design could be economically
feasible at a fare of 6.7C/kilometer (10.8
C/mile) if a 7.6 percent share of the San
Francisco to Los Angeles and 6.5 percent of
the Los Angeles to San Diego markets could
be attracted. Pertinent data adapted from
the reference are given in Table D-I.
A Commercial Mission for a Large Airship
_n airship mission _=_ _=y be very
attractive economically is the transpor-
tation of heavy, large-volume, indivisible,
unique payloads that cannot be moved by
any other method. Environmental concern
almost dictates that future petrochemical
plants, large power generation installa-
tions and other "socially undesirable" con-
struction activities be located far from
population centers. Remoteness often means
that these sites cannot be reached by
water-borne transportation and evenrail-
road and highway access is often difflcult.
In the interest of efficiency, the
trend in industrial plant design is for
larger components and systems. However,
if road or rail transportation is involved,
the designer is slze-restricted. An
obvious alternative would appear to be
"onsite" assembly, but experience has
shown that field fabrication is undesirable
because of the tooling, process control,
and quality assurance tests required that
are only possible in the factory. If
transportation restrictions could be re-
moved, the designers of petrochemical and
power generation equipment could make a
stepwise gain in economical operations.
An example of the movement to larger size
is the desire of the power industry to in-
creasethe size of nuclear power plants
from 1,300 to 1,500 megawatts during the
1980's. (ref. D-4).
Reference D-4 also includes a table
indicating that the nuclear power industry's
need for moving large payloads will in-
crease from 80 to 128 individual pieces
in 1980 to 142 to 214 components in 1990.
These items include nuclear reactor vessels
and components associated with steam gen-
eration. Their weights range from 4.5 x
104 to 6.35 x 105 kilograms ( 50 to 700
tons) and the volumes include components
with diameters of 7.6 meters (25 feet) and
lengths of up to 21.3 meters (70 feet).
Reference D-5 indicates that 2,000 loads in
the 1.81 x 105 to 3.63 x 105 kilograms
(200 to 400 ton) bracket are moved every
year in England and western Europe at great
cost.
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TABLE D-1
PASSENGER TRAVEL MARKET
SAN FRANCISCO TO LOS ANGELES
AND LOS ANGELES TO SAN DIEGO
Fare - Cents/P-Km 3.7 5.2 6.7 8.2
(Cents/P-mi) (6.) (8.4) (10.8) (13.2)
Route SF-LA LA-SD SF-LA LA-SD SF-LA LA-SD SF-LA LA-SD
Market Share (%) 12.6 10.8 9.4 8.1 7.6 6.5 6.4 5.5
Load Factor (%) 72.6 98.0 54.0 69.8 43.6 56.0 36.9 47.4
Direct Operating Costs
S/Hour 1045 1477 1515 2045 1786 2394 1984 2659
Cents/seat-Km i.i 1.6 1.6 2.1 1.9 2.5 2.1 2.7
(Cents/seat-mile) (1.8) (2.5) (2.6) (3.4) (3.1) (4.0) (3.3) (4.4)
ASSUMPTIONS:
• 500 seat LTA vehicle
o 5% reserve for profit
• Indirect Operating cost, 1.8¢/P-Km (3¢/P-mi)
o Total annual fleet flying hours
15,885 for San Francisco to Los Angeles
10,575 for Los Angeles to San Diego
o Number of LTA vehicles and annual utilization
5 at 3,177 hours a year for San Francisco to Los Angeles
3 at 3,525 hours a year for Los Angeles to San Diego
o Number of flights each way
7 a day for San Francisco to Los Angeles
16 a day for Los Angeles to San Diego
These missions would be spe- D-3
cialized and would require careful
scheduling and preparations. Moving fees
of many thousands of dollars or even hun-
dreds of thousands of dollars would be D-4
involved in the moving of single unique pay-
loads. These admittedly costly airship
operations are economically attractive when
compared to the alternative of reinforcing
bridges, building special roads or rail-
roads to bypass tunnels, overpasses, or
other obstructions. The speed of load D-5
movement would not be a factor; in fact,
postponements awaiting favorable weather
conditions could be expected.
D-I
D-2
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STUDYORCdiNIZAT]ON
Figure E-I is an overall schedule of
the study team activities. Figure E-2
shows the major organizational and acti-
vity steps.
Table E-I gives the final team
organization, team membership, and respon-
sibility areas. Team members oould be in
more than one qroup.
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STUDY MANAGERS:
TABLE E-1
FINAL GROUP MEMBERSHIP
D. Turner
L. Van Poolen
ECONOMIC-POLICY GROUP
Group i: Overall Transportation Sxstem
- cargo lift
- cargo utilization factor
- finances
- history
- future programs
- test programs
Members: D. Gillanders
L. Hurley
A. Jones
Group 2:
Group 3:
- missions
- market locations
- implementation
- fleet size
- organization structure
- costs
J. Savage
R. Smith
E. Vento
Economic Analysis Model
- costing system
- cost/benefit analysis
- energy accounting
Members: R. Smith
E. Vento
Political-Social-Le@isiative-Environmental
- social benefits
effects on people
- attitudes
- community
- politics
- psychology
Members: W. Anthony
A. Jones
- funding
- technology assessment
- regulations
- certification of ship, crew, system
- pollution
- costs
T. Mullins
C. Story
TECHNICAL GROUP
Group 4: Operations
- ground handling
- maintenance
- hangar
- crew
- flight
- crash survival procedures
- human engineering
crew training and simulation -
of ship and controls
Members: L. Hurley
T. Mullins
Group 5: Structure-Materials
- buoyancy gas
- struc£ure type
- fabrication
- materials
- costs
- interface between load
and lifting body
Members: F. Chen
L. Klotz
gusts
take off, landing
weather
airship utilization
flight on ground
de-icing
costs
safety at man-machine interface
L. Pleimann
F. Toline
- load and unload system
- gust loads
- weight and balance system
- car
- structural efficiency
K. Marshek
L. Pleimann
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TABLE-1 (CONTINUED)
Group 6 : Propulsion-Performance-Shape-Aerodynamics
- propulsion-engines-number, - speed
type, arrangement - hover capability
- performance - fuel
- drag, lift - fineness ratio
- boundary layer control - costs
- celing
Membersz J. Gill
K. Marshek
C. Martin D. Toline
E. Strother
Group 7: Stability-Control Systems
- control surface size - trim
- pressure control - maneuverability (low speed)
- flight stability - pilot-controls-airship dynamic
- buoyancy control interactions
- flight instruments - equations of motion
- flight trajectory - sensor design
- electrical-mechanical- - heat transfer
hydraulic systems - thrust control
- costs
Membersz F. Chen C. Martin
D. Gillanders B. Strong
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